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PREFACE TO THE FIRST EDITION. 



Of 



These notes were written for the use of the writer*s 
students in the metallurgical laboratory of the Ohio State 
University, 

The object was to give in a condensed form the series of 
selected methods in metallurgical analysis which made up 
the course of study. 

To the descriptions of the processes, such explanations 
have been added as experience has shown to be desirable 
for the assistance of the student in understanding the 
conditions necessary for accurate results. 

Such methods only are given as have been tested by 
repeated use in the laboratory and found satisfactory. 

No attempt is made to describe general reagents or ap- 
paratus, as students prepared to take this course are always 
familiar with all ordinary laboratory equipment and for 
special forms of apparatus reference is made to easily acces- 
sible books and papers. 

The writer wishes to acknowledge his obligation to 
Blair, Troilius and other standard writers, as well as to num- 
erous papers in the various technical and scientific journals, 
though it has been impossible to give credit in detail to all 
the sources from which material was taken in compiling 
these notes. ^ 

The references added are only those which it seemed 
important the student should consult for fuller information 
on the subject. 

October 28^ ^S^j. 
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PREFACE TO THE SECOND EDITION. 



In preparing the present edition of this book the writer 
has endeavored to extend its scope and make it not only a 
text book for students in technical schools but also a book 
of reference for young men in metallurgical laboratories. 
With this object the book has been enlarged so as to include 
methods for the determination of all the elements likely to 
be encountered in the ordinary work of the laboratory. The 
subjects of gas analysis and the testing of fuel have been 
treated at much greater length. To the standard processes 
given in the first edition such recent ones have been added 
as have proved to be of general application and value. The 
descriptions of the processes have been largely re-written 
and the notes extended and as far as possible brought up to 
the present state of the science. 

To the descriptions of special forms of apparatus cuts 
have been added. These generally show simple arrange- 
ments which have been found by the writer to be well adap- 
ted to the use of students and not to require expensive 
material. 

The writer wishes to acknowledge his great obligation 
to his associates, Professors Wm. McPherson and W. E. 
Henderson for their assistance in the reading of the proof 
and for valuable suggestions, and especially to Mr. E. E. 
Somermeier, Instructor in Metallurgy, to whom he is indebt- 
ed not only for assistance in revising the manuscript and 
reading the proof, but also for working up in the laboratory 
many of the details in the descriptions of the processes. 

January 31, igoj. 
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INTRODUCTION. 

Before beginicg the coarse in special analysis given in 
these notes, the student is supposed to be familiar with the 
ordinary qualitative reactions of the acids and bases, the 
preparation of reagentsi and so much of the general methods 
of quantitative^analysis as includes the use of the balance 
and weights, the ordinary operations of filtration, washing, 
drying, igniting, and weighing of precipitates, the evapora- 
tion of solutions, and also the use and calibration of gradua- 
ted glassware. 

A careful study of the first two sections of Fresenius- 
System of Quantitative Analysis is advisable in regard to 
all these points of manipulation. 

In addition to the above a few general precautions and 
explanations are necessary and should never be overlooked. 

In adding reagents to produce any given effect it is im- 
portant that the right amount be used. What this will be 
demands a thorough knowledge of what is to take place. In 
the descriptions of the various processes these amounts are 
approximately indicated, but it is impossible to provide in 
this way for all contingencies. Therefore, if the amount of 
reagent directed fails to do the work it must be increased or 
diminished as may appear necessary. Thus in every case 
where a precipitate is formed, it is essintiai that the filtrate 
be tested by a further addition of the reagent to make sure 
that the precipitation is complete. This is best done by 
adding the reagent to a small portion of the liquid in a test 
tube, and if a precipitate forms returning this to the main 
volume; often a little of the clear liquid over the precipitate 
can be tested in this way before filtration. 
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The purity of the reagents, even if marked **c.p.", 
should always be tested. In many cases it is necessary to 
run a ''blank'' determination by going through the process 
with the reagents alone, leaving out the substance to be 
tested. The amount of any impurity which would affect 
the result can be thus determined and allowed for. 

A process should be tested by repeated determinations 
made on different amounts of the substance. Agreement of 
the results in this case is a better indication af accuracy than 
iTtrhere the same amounts are taken in each determination. 

The amounts of material prescribed in the descriptions 
of the processes are those most generally used. They may 
be changed provided the amounts of the reagents be varied 
to correspond. 

In many of the processes the calculations may be great- 
ly simplified by taking "factor weights" of the material in- 
stead of even grams. 

This consists in weighing out an amount of the sub- 
stance equal to the fraction that the material to be determin- 
ed forms of the precipitate weighed. ' When this is done the 
weight of the precipitate in grams multiplied by 100 will 
give directly the percentage sought. If the factor weight is 
inconveniently large or small some simple multiple of it can 
be taken and the result estimated accordingly. 

For example: BaS04 contains 0.137 S and if ten times 
this factor (1.37 grams) of any substance is taken for 
the determination of sulphur each milligram of BaS04 ob- 
tained represents 0.01 per cent, of sulphur. 

A table of convenient factors of this kind is added at the 
end of this book and the weights there given may be used, 
when desirable, in place of those directed in the processes. 

A similar method is often used in weighing out for vol- 
umetric determinations when a standard solution is used of 
which the value of l.c.c. is determined experimentally and is 
not an aloquoit part of a gram. For illustration see direc- 
tions for the volumetric determination of lime, page 23. 




METALLURGICAL ANALYSIS. 




THE OBTAINING AND PREPARING OF SAMPLES FOR 

ANALYSIS, 



The object sought by the technical analyst is to ascer- 
tain the average composition of some particular lot of 
material — for examplej a carload of ore, an ingot of metal 
or a bin full of coah 

The amount of material treated in the laboratory is of 
necessity limited to a few grams. 

The preparation of this small portion so that its analysis 
shall correctly represent the composition of the mass from 
which it is taken, constitutes the operation of '^samplingy 

The general mode of procedure is to take from the mass 
in question several portions selected from difierent points, 
and containing coarse and fine material in as nearly as 
possible the same proportion as they exist in the mass as a 
whole* This large sample which may weigh from 200 
pounds to a ton, according to the amount of material the 
chemist has to examine, as well as to the extmt of variation 
perfmssible in the results^ is then crushed to one-half inch or 
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smaller, thoroughly mixed and subdivided by ^'quartering/' 
until a sample of about ten pounds is obtained. This is 
pulverized and all put through a 6 mesh sieve, well mixed 
and again subdivided, till a sample of 100 to 200 grams is 
obtained, which is put through an 80 to 100 mesh sieve and 
bottled for use. 

The operation of '^quartering'' is conducted as follows. 
The material after being well mixed by shoveling is formed 
into a pile which is then flattened out by a spiral motion 
of the shovel. This pile is then divided into four quarters 
by cutting across at right angles. 

Two diagonally opposite quarters are selected and the 
intermediate ones removed. Care should be taken to brush 
away carefully all the material of the rejected quarters. 

The two remaining ones are then mixed together and 
the operation repeated until a sufficient reduction in bulk 
is made. 
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Many variations from this general procedure will be neceasary 
with different materials. The following general principles may be 
stated aB a guide i 

1. As to the Bi2e of the original large saraple. This must be 
greater as the material is less homogeneous and as the importance of 
the exact determination of any ingredient increases. Thus, a lime- 
stone can be easily sampled ; but a gold or silver ore consisting of 
small, detached fragments of a very valuable material in a value- 
less rock may require the flue crushing of the whole mass of ore 
and its careful mixing and subdivisionj to secure an * 'average 
assay,*' 

2. Materials of decidedly different specific gravities require 
great care to prevent separation into layers during mixing. (Quar- 
tering constitutes a fair safeguard against this source of error.) 

3. When the ore is sifted, every particle must go through tlie 
sieve. The harder parts which are left unbroken till the last, are often 
of different composition from the softer and first pulverized portions^ 
and if rejected would cause serious error. 

4. Certain ores and slags contain particles of metal which can 
not be pulverized. In thiB case the grains of metal not passing 
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through the sieve must be collected and weighed. The portion 
passing through the sieve is also weighed. The metal and the 
slf tings are then analyzed separately, and the two analyses com* 
bined in the ratio of the relative weights. 

The sampling of metals presents many difficnlties. 
Melted metals can be sampled during pouring by taking a 
little at the beginningj middle and end of the cast, and 
averaging the three analyses. 

In general it may be stated — 

1. Cast ingots are noi homogeneous. Drilling from 
different portions will show different analyses. Hence, 
drillings from a number of points must be well mixed. A 
single *^pig*' of cast iron may vary largely in composition 
from top to bottom, 

2. In tapping a mass of metal from a furnace, different 
portions of the **run^^ will show differences in composition- 
Thus, a "bed" of pig iron will show wide variations in silicon 
and sulphnr between the top and bottom of the cast. 

3. In some metals the operation of drilling will result 
in a separation; for example, in drilling pig ironj the fine 
portion will be of different composition from the coarse; 
hence, careful mixing of the drillings is necessary. 



• 



SAMPLING APPARATUS. 



For hand sampling, a laboratory should be equipped 
with a small jaw crusher^ a "bucking plate'' of heavy cast 
iron, a couple of iron mortars, a steel mortar, an anvil, a 
couple of stone hammers and a sledge, and several zinc trays 
and tin cake dishes for holding samples. Sieves are best 
made of brass wire and should be provided with tight 
bottoms and covers. Dust is easily lost in sifting and is 
likely to b^ of different composition from the rest of the 
sample. 

A disc of brass or iron such as an old two-ounce weight 
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put into the sieve greatly assists the work on the finer sieves 
by preventing **caking^' of the fine material in the sieve. 

For sieves of 34^-inch and overj iron netting put on wooden 
frames may be used. 

A wooden or cement floor is desirable for quartering 
large samples, but rubber or oil cloth spread out on the 
ground can be used. 

It should never be forgotten that in grinding hard material with 
metallic apparatus more or less of the metal will ^o iuto the product* 
ThuBj a sample of blast furnace slag ground down in an iron mortar 
would show more iron than was actually in the slag-, therefore for 
the accurate determination of a small amount of iron io such a 
material a special sample eruBhed in agate should be prepared. 

For sampling metals a drill is desirable, This must be 
worked drj (without oil) and care should be taken to reject 
the outer "skin** of the ingot or bar^ which is usually 
contaminated with, matter not properly belonging in the 
analysis. Cast iron is frequently sampled by pouring a little 
of the molten metal into water. This makes the iron white 
and very brittle. These so called **shot samples'' and 
similar brittle material as **spiegel iron'' and *'wash metaP' 
which are too hard to drill, must be broken into small frag- 
ments with a sledge hammer and several pieces pulverized 
in a steel mortar. A very efficient mortar for this purpose 
can be made by boring a hole two inches deep and one inch 
in diameter into a block of tool steel about three inches 
square and four inches high. Fit this with a steel *^rammet'* 
cut from a round bar and about three inches longer than the 
hole. It must be only slightly smaller than the hole in the 
block* Both block and rammer must be well hardened. 
By dropping a fragment of metal into the hole, inserting the 
rammer and pounding it vigorously with a heavy hammer the 
hardest material is soon reduced to a fine sand. 

Sampling by machinery is necessary where large 
amounts of ore are handled. For descriptions, of sampling 
plants see the references p. 13. 
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* 'WEIGHING OUT FROM THE LABORATORY SAMPLE. 

In this Operation the tendency of materials of diflferent 
specific gravity to separate must never be lost sight of* 
The substance should be carefully mixed upon a sheet of 
glazed paper and small portions taken from different 
parts. 

A second source of error is the separation of coarse and 
fine, as in metal drillings. Great care is necessary to avoid 
serious difficulty here. The drillings may be moistened with 
alcohol to make them adherentj and then small portions 
may be separated, to be subsequently accurately weighed 
when dry (Shimer). 

Dirty pig iron samples are frequently sent to the chemist , 
the drillings being contaminated by sand, wood, grease, etc- 
These may be cleaned from sand with a magnet and from 
grease by washing with ether, but the analytical results on 
such samples should never be regarded as entirely satisfactory* 

Beferences on sampling — machinery and methods — 

A. A. Blair — The Chemici^l Analysis ot IroD, 
Jour. An. and App. Chimin., voL V^ p. 269 — sampling iron ores. 
Jour, An. sind App. Chem., vol. H, p. HB—as to irrcgularUy of pig Iron. 
£ng. and Min. Jour., 1@92, p, 75'-^sa,fnplitig macliine. 

Trans, inst. Min. Engs., voL XIV, p. 7^0, P. W. ShimcTj sampling cast iron borings. 
Trana. Inst, Min. Engs.^ voL XX, p. 166, Wm. Glenn, sampling ores. 

Trans. Inst, Min. Eng., vol. XX, p. 416, H, L Benjamin, sampling machine, and aUo 
Illustration ol hand sampling. 

Trans, Inst. Min, Engs.< vol. XX, p. 611,, E. K. Landis. iron cre sampling. 
Eng« and Min, Jour.j, vol 71, p. fi$4. 
Jour. Soc. Chem, Ind.* IBSfi, p* 133, 



ESTIMATION OF MOISTURE. 

Many materials (ores, clays, limestones, etc.) as sampled 
in bulk are often too damp to pulverize* Such samples 
must be dried in a steam bath or by other means, and the 
loss of weight determined. This drying can be done on a 
portion (one or two pounds or more) of the crushed and 
mixed material, which, after drying, is pulveiized for 
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the final sample. It is also always well to determine mois- 
ture in the final sample, and allow for it if present. The 
temperature for drying must not exceed lOO'^ C^ or water 
of composition may be expelled. 

The analysis may be stated on the "dry basis," but should 
also be calculated on the basis of the wet material. 

For example, A cargo of iron ore was sampled in the 
vessel while unloading, as follows : After the bottom of the 
boat was reached, portions of the ore were taken every 
18 inches from the top to the bottom of the sloping 
sides of the ore exposed in the hold, including lump and 
fine in the proportions they formed at each point. This was 
repeated when the vessel was about half unloaded. The 
total amount taken was 200 pounds. This was broken up as 
fine as beans j well mixed by shoveling and divided by quar- 
tering until a portion of two pounds was obtained, all being 
done rapidly to avoid loss of moisture. 

This portion was weighed on an ore scales. 

Weight .925.4 grms. 

After drying in a pan on a steam 
boiler — weight. . , . , 864,9 grms. 

Loss p 60,5 grms. 

This was then pulverised and mixed, and a portion of 
100 grms. taken for the laboratory. This assayed — 

Iron , 58,4 per cent 

Then 926.4: 864.9 = 68.4: 54.6^ the per cent, of iron 
in the ore in its original condition. 

It may be noted la t^ that many ores will absorb water during the 
pulverization, The amount or water so absorbed will vary with the 
weather; 2d, complete drying of & large sample is very difficult; Sd^ 
ordinary corked bottles are not moisture proof, and samples left in 
Buch will change in the course of time, if they are hygroscopic. 

In the case of coal, especially the **dry" or non coking eoals and 
lignites, sampling so as to preserve the moisture in the material 
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THE ANALYSIS OF LIMESTONES. 



The constituents to be determined are the insoluble silicious 
matter, oxide of iron and ahiniina, carbonate of lime and carbonate 
of magiieBia. The silieious matter consists of sand (silica) and sili- 
cates chiefly clay (silicate of alumina). The iron is sometimes present 
as ferrous carbonate. Small traces of phosphoric acid and sulphates^ 
are also often present; they are not considered in this place, but can ' 
be determined as in iron ores. 

In examining limestone quarries to det-ermine the quality of the 
stone for furnace flux^ lime or cement manufacture » the rock should 
be sampled layer by layer, as ditFereut layers usually vary greatly 
from each other in composition ^ while material from the same layer 
(or ''bed'*) is likely to be of moderately uniform composition. The 
stone generally ranks in quality according to the amount of carbo- 
nate of lime. 

Process of Analysis, — Weigh 1 grm. of the finely ground 
sample* Transfer it to a 4-iii. casserole or dishi cover with a 
watch glass, add 25 to 30 c.c, of water, then 15 c.c. of concen- 
trated HClj and warm until all effervescence has ceased. 
Remove the cover, wash it off into the dish, add 4 or 6 drops of 
HNO3 and evaporate the solution to dryness on a water bath or 
hot plate ; or replace the cover and boil down directly over the 
lamp, using constant care to prevent loss by **spattering;" 
finally heat very carefully over the lamp flame until all odor 
of HCl is gone. The temperature attained should not exceed 
120^ C* It can be regulated by drying in an air bath, but the 
"trick'' of doing it as indicated is soon learned and saves 
much time. Now cool, add 5 ex. of HCl, warm till the Fe salts 
are dissolved, add 50 c*c. of water and heat until everything 
dissolves except the silicious matter, which forms a flocculent 
or sandy residue. Filter through a 5 or 7 cm. filter, and wash 
thoroughly with hot water until a few drops of the washings 
show no reaction for HCl when tested with AgNO^- 

Ignite and weigh the residue, which, after deducting the 
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weight of the filter ash, constitutes the " insoluble silicious 
matter. '' Keep it for the determination of the silica by fusion* 

To the filtrate, the volume of which should be about 
100 C.C-, carefully add NH4OH until it just smells distinctly 
of NH3. Should the precipitate be light colored and large in 
amount, indicating the probable precipitation of Mg(0 H)2, 
add o cx- HCl and again NH4OH as before. Now boil the 
liquid about five minutes or until the odor of NHg has nearly 
gone — maintaining the volume of the liquid if necessar>^ by 
adding water from time to time. Remove the lamp, and 
let the precipitate settle, filter into a small filter, wash 
well with hot water, ignite and weigh the precipitate 
of PeaOa+AUOa + P.O^. 

The FesOg and P2O5 may be determined in another 
portion, and when deducted from the above will give the 
alumina by difference. 

Dilute the filtrate to about 200 ex. If it is not distinctly 
alkaline add five to ten drops of NH4OH, heat to boiling 
and slowly add 80 ex. of a solution of (N 1^4)20204 heated to 
boiling also. Use a saturated solution of the salt diluted with 
an equal volume of water. Stir well during the addition of 
the reagent and for a minute or two afterwards, then set 
aside until the precipitate of CaC204 has settled completely. 
Decant the liquid through a 9 cm. filter without disturbing 
the precipitate, wash the precipitate once or twice by decan- 
tation, using about 100 ex. of boiling water each time, then 
transfer it to the filter and wash or 7 times with hot water. 
When the filtrate is to be concentrated for the determination 
of the magnesia, set aside the first filtrate and decantation 
and catch the subsequent washings in a separate beaker. 
Concentrate these by boiling down to a small volume and 
then add them to the first portion. 

Dry the precipitate thoroughly, detach it as far as pos- 
sible from the filter, put it in a weighed No. porcelain 
crucible, burn the filter carefully on a platinum wire and add 



IS 



Notes on MetoMurgwal Anal^aU. 



the ash to contents of the crucible. Now drop concentrated 
H2SO4 on to the precipitate till it is well moistened, but avoid 
much excess. Heat the crucible (working under a * 'hood*' 
to carry oflF the femes) holding the burner in the hand and 
applying the flame cautiously until the swelling of the mass 
subsides, and the excess of H£S04 has been driven oflf as 
white fumes* Finally heat to a cherry red for 5 minutes. Do 
not use the blast lamp, Cool and weigh the CaS04. The 
weight of the CaS04 multiplied by 0,735 gives the amount 
of CaCOg in the sample. The filtrate from the CaC204 
should be, if over that volume, concentrated by boiling to 
300cc; should any Mg C^04 separate, dissolve it by adding 
a little HCL Cool, add NH4OH till alkaline, then add 10 c.c, 
or a sufficient quantity of a saturated solution of Na2HP04. 
Then add gradually ^ of the volume of the liquid of strong 
NH4OH, (sp. gr. 0.90) stir hard for some time, cover and let 
settle until the liquid is perfectly clear (about 2 hours) » filter 
and wash with water containing -^^ of its volume of strong 
NH4OH and a little NH4NO3. 10 c.c, of the phosphate solu- 
tion is sufficient for about 20 per cent of MgCOa ; for 
dolomites more must be added. Dry the precipitate, detach 
it from the filter and burn the filter ou a platinum wire ; now 
ignite precipitate and filter ash in a porcelain crucible, first 
heating carefully over a Bunsen burner till all volatile matter 
is driven off' and it has been at a dull red heat for some min- 
utes, then finishing over the blast lamp for five or ten minutes. 

The ignited precipitate is Mg2P507, the weight of 
which multiplied by 0.757 gives the MgCOg in the sample- 

Treatment of the Stlkious Residue for ike Detertmnation 
of SiO^* — Mix the ignited residue with 8 or 10 times its 
weight of dry Na^ CO 3, in a platiunm crucible of at least 15c.c. 
capacity, heat it over a Bunsen burner until the mass has 
well caked together^ then over a blast lamp until it is in 
quiet fusion. Now remove the crucible with a pair oi tongs 
and dip the bottom in cold water, which will usually cause 
the mass to loosen. 
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Wash off any of the material spattered on the cover of the 
crucible into a casserole with hot water. Add the fused cake, 
if it has come loose ; if not, fill the crucible with water and 
warm until the fused mass softens up and can be transferred 
to the casserole. Finally clean the crucible with hot water and 
add the washings. If any material adheres so as not to be 
removed by washing with water, dissolve it with a little HCl 
and add to the rest, (on no account punch or dig the ma- 
terial ont, as this may ruin the crucible). When the fusion 
has been thoroughly disintegrated by the hot water and no 
hard lumps are left, cover the dish and add HCl until every* 
thing dissolves, and warm till effervescence ceases. Remove 
and wash off the cover and evaporate the solution to dryness 
on a water bath or otherwise ; when dry and every trace of 
odor of HCl has gone, add JO c,c. dilute HCl (1;1) and then 
50 c.c of water. Warm till the Na CI has dissolved, filter, wash 
well with hot water, dry and ignite the residual Si02' The 
ignition must be repeated and the residue reweighed until 
its weight does not change. 

In the filtrate the ironj alumina, lime and magnesia may 
be determined as in the regular process, and the amounts so 
found added to the weight of the main precipitates. 



NOTES ON THE PROCESS. 

1. liiinegtoiLes sometimeB contain gilicateB which are decomposed 
by treatment with HCl, part of the 810^ going into solution 
TliiB is made insoluble by evaporation to dryness. The presence of 
CaCl» renders the dehydration of theSiOg easy at the temperature of 
the water hath, A much hig^her temperature is to be avoided as silica 
may recombine with the bases, and bo either be redissolved on 
treatment with acid» or bold bases insoluhle. 

2. When the amount of residue is considerable it ib often necee- 
sary to determine the silica it contains. In this ca«e it is rendered 
soluble by fusion with excess of NaaCOs- The addition of NaNOj is 
to be avoided^ as it becomes caustic and attacks platinum ware. A 
gram of NaCl is some times added to the fusion mixture. It is said 
to assist the subsequent solution and disintegration of the fused 
mass. The fused mass, consisting of sodium silicate and alumina te, 
should be thoroughly soaked in water till it becomes soft and disin- 
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tegrated, most of the sodium silicate being dissolved ; then on adding 
HCl a clear solution without residue m at once obtained, If the HCl 
IB added to the fused mass before this disintegration, it causes a 
gelatinous film of hydra ted SiOu to separate and to enclose the pieces, 
arresting further action. A single evaporation of the 8iO, 
solution even if dried for hours fails to render the SiO^ completely- 
insoluble, ^7 to m% only heing recovered. The SiO,, is not entirely- 
pure, however, and tliese errors t^nd to balance each other. The 
impurity present is largely ulumina, and the trace of BiO* dis- 
solved is mostly precipitated with tbe alumina in the subsequont 
analysis. In order to obtain the whole of the SiOs it is necessary to 
evaporate the filtrate from the first portion to dryness as beforehand 
weigh the additional BiOn thus separated. This is better than a 
double evaporation of the original solution. 

3. TheBiOjf is hard to wash^ retaining alkaline salts tenaciously. 
It must be thorougbly washed with hot water till the filtrate no 
longer shows a trace of HCl when tested witii AgNOa. 

4. The SiO,; must be ignited to omutant weighty as it retains water 
most tenaciously A blast lamp is necessary to remove the last 
traces. 

5. Fe(OH)a and Ai(OH)j, are insoluble in solutions of 
of NH^C1| but a large excess of NH4OH holds A1(0H)3 in solution 
to a small extent. This is entirely separated by boiling off the excess 
of NH4OH or by tbe presence of a large excess of NH4CI. Too much 
boiling renders the iron and alumina precipitate slimy and diiiicult 
to wash and filter; hence* care i»j necessary iu adding the NH^OH 
to avoid large excess ^ so that a few minutes boiling will be sufilcient. 
When the slimy condition occurs a drop of strong ammonia will 
sometimes cause it to settle better* 

6. Mg(OH)a is not completely soluble in NH4OH unless sufficient 
NH^Clbe present It separates as a white precipitate, easily mistaken 
for alumina^ bo unless the Fe(OH)a h A1(0H)3 precipitate is small in 
amount it is well ta redissolve it in considerable HCl and 
reprecipitate by NH4OH. If muck Fe and Al are i> resent the pre- 
cipitate will certainly contain CaOand MgO, which must be removed 
by re-Bolutiou and reprecipitatiou after decantation and partial 
washing. Solutions containing NH4OH and CaO will absorb CO^ 
on standing, precipitating CaCOg ; hence the FefOH)a + Al(0H)8 
must be filtered and washed promptly. On long standing a crystal- 
line precipitate of CaCOg will sometimes be formed in the beaker 
with the Fe(OHJa -h AliOH)^; of course in this case re-solution and 
re-precipitation are necessary. Distilled water often contains COt 
which will cause a precipitation in the same way. Hence^ boiling 
the water before use is recommended. Cold water in a wash bottle 
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rapidly absorbs CO, from the breath ; sach water should nerer be 
used in dilating the alkaline liquid holding the Fe(OH)3 + Al(OH), 
precipitate. 

7. (kUdum OxcUcUe is Tery insoluble, but it is a difficult precipi- 
tate to filter and wash if not formed exactly right. On gentle igni- 
tion below visible redness it is changed to carbonate, and as such 
may be weighed ; slightly too high a temi>erature however expels 
some CO,. The complete conversion to oxide requires a very high 
temperature for a long time. The action of concentrated H2SO4 on 
calcium oxalate converts it to CaS04. The action is not violent and 
the excess of H,804, provided it is moderate, can be driven off with 
out danger of loss by spurting. CaSO^ will stand the cherry red heat 
of a Bunsen burner without alteration, the higher heat of a blant 
lamp will cause it to lose SO,. 

8. Magnesium will precipitate as oxalate in concentrated iiola- 
tions, hence when much is present a re-solution of the calcium oxa^ 
late in a little dilute HCl after a partial washing may be necen- 
sary. This is rarely the case in ordinary limestone, if the calcium in 
precipitated in properly diluted solutions. In the analyniii r/f 
dolomites the calcium precipitate must always be redifmolr^. 
In this case, after washing the calcium oxalate by decanfAtion 
once, cautiously add HCl to the precipitate in the heakfsr until it 
just dissolves on warming. Dilate to about 100 e^,, add 2 or Z c^. r/f 
(NH4),C,04 solution, then heat to boiling and add whiUs nt\rf\u^ 
dilute NH4OH till distinctly alkaline. Allow the pr^Aplf^^f^, U, 
settle, filter and wash, adding this filtrate to the ori^nal oru^., 

9. On concentrating the filtrate from the es^Mnm //%a)af>;, a 
crystalline precipitate of magnesiom oxalate will nfmi^.tm^ ti^pf^^ 
rate. This can be redissolved in HCl aodadded to th^. mUttUm, If it 
contains any calcium oxalate it win lejnre a milky i^p\ntUm f^Astn^fiu^ 
slowly. 

10. As the liquid in wfaiel: the maf^neiiifsm in pr^j^^ipUM^M f^tu 
tains all the material added in the aaudynim, ear^^U^M M44ttUfff *4 fnur 
gents may give so strong a solntiMk ^ sumtuminut m$A tt^fnUnh nuUm 
that the precipitation {^themsiigD^iam pfc/j4ipfMM^ wiH r^z/f fMk^ piftm 
promptly unless the solstioo be lani^eiy 4lf«t^ irlitl# WMt>*c0 ft,wi 
ammonia. From sneh a v^^nme fA ll/|oi#l a#^ Mj^ wiH f^A whohf^ 
come down. In sneli a ease tfae liUnMe itb^mUt f^ ^Mi//fM^A4 Ut t\^^ 
ness with excess o€ HJTO, Oee foe ^*^* 7[fm$^%H^i%f whMt ¥f\H 
decompose and remove tb^ saaoMSi^^dmm m$U^ '^^7 */^ Uf^^^^h ^\t 
into nitrogen and walcT; aad tftv*« muy ftc$Mik$4k$f% tMt^h*<^\Hm i/^k 
cipitated. 
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11. There must be enough (NH4),Cs04 solation added to con- 
Tert all the Mg. as well as Ca to oxalate or CaCs04 will not com- 
pletely precipitate. 

12. Sodiam oxalate, being very sparingly solable, will sometimes 
separate with the Mg. precipitate, esi>ecially when the solation is 
concentrated and mach Na,HP04 has been added; in this case, after 
partial washing, the precipitate mast be dissolved in HCl and 
reprecipitated by NH4OH. 

Referenoes^ 

SiOs scparaUon, Jour. Anal, and App. Chem. VoL IV, P. 150. 

Mg. Ca. separation, Fresenius, Qnantative Analysis, ITS; f74; flOl; fl04; fl54. 



THE VOLUMETRIC DETERMINATION OF CALCIUM AND 
MAGNESIUM. 

Instead of weighing the precipitate of CaCs04 it may be deter- 
mined by measuring the volume of a standard solation of KMn04 
required for oxidizing the oxalic acid it contains. 

The precipitate is first dissolved in dilute H,S04. The reaction 
is as follows: 

6CaC,04 + 8H,804 + 2KMn04 = 5CaS04 -f K,S04 + 2MnS04 + 
lOCO, +8H,0. 

This reaction takes place rapidly at 60° to 70° C. The first few 
drops of permanganate color the liquid and a few seconds will 
elapse before this color disappears, then the reagent may be 
added rapidly. This delay in starting is entirely removed if a few 
drops of a strong solution of MnS04 are added to the liquid before 
titration. 

The MgNH4P04 precipitate has an alkaline reaction and can be 
determined volumetrically by measuring the amount of standard 
acid required to neutralize it. The end reaction is not so clear cut 
as in the permanganate reaction with CaC204 but with a little 
experience is satisfactory. The reaction is as follows : 

MgNH4P04 + H,S04 = MgS04 + NH4H,P04, 
NH4H2PO4 being neutral to cochineal solution. 

SOLUTIONS REQUIRED. 

A. — Standard Potassium Permanganate, 

The same solution can be used as for the determination 
of iron in ores, 1 c.c. of which is equal to 0.01 gram of Fe. 
1 c.c. of such a solution is equivalent to 0.008929 gram 
of CaCOg, in the above reaction. 
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B* — Standard Acid. 

One-tenth ''normaP* H^SO^ can be used, 1 c.c, being 
equivalent to ,0042 gram of MgCOg. 

C, — Standard Alkali. 

One- tenth normal ammonia can be used. It is easily 
prepared and by using cochineal as an indicator is perfectly 
satisfactory. It has little tendency to absorb CO2 and its 
loss of strength by evaporation of amiijonia is so slight that 
it will keep for weeks practically unaltered. 

D. — Tincture of Cochineal. 

Coarsely pulverize 2 or 3 grams of cochineal in a small 
porcelain mortar, moisten with dilute alcohol (1 vol, alcohol 
to 3 vols, water) and transfer to a funnel containing a 9 cm. 
filter paper* When the alcohol has run through wash 
with successive small portions of 25 per cent, alcohol until 
about 20-25 c.c. have run through and most of the color is 
extracted. Now dilute the colored extract with 25 per cent* 
alcohol to about 100 c.c. for each gram of cochineal taken. 
This mode of extracting with a small quantity of alcohol 
avoids the solution of much of the material other than the 
color. The solution keeps much better than when the 
whole of the alcohol is used in extracting as is sometimes 
directed. 



PROCESS. 

A* — For Limestones low in Magnesia. 

Weigh out 0,8929 gram of the finely ground sample 
into a small porcelain or platinum crucible, ignite cautiously 
to dull redness to destroy organic matter. Transfer the 
ignited powder to a beaker holding 300 or 400 c.c, add 20 
c.c. of water, cover and then add 16 c.c, of HCl and 3 or 
4 drops of HNOa^ Boil till all the soluble matter is dis- 
solved and all the CO^ expelled. Wash ofi" and remove the 
cover and dilute the liquid to about 150 c.c» with water free 
from COa^ Add NH4OH in slight excess and heat to boiling, 
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then without filteriag, precipitate the CaC204 exactly as in 
the regolar analysts. Continue the stirring two or three 
minutes after the addition of the hot (NH4)iC204 solution 
and then let settle till nearly clear which should occur in 
not over five minutes if the work is correctly done. 

Decant through a 9 cm. filter, pouring off very close. 
The precipitate should be so dense as to render this easy. 
Add 30 c.c. of hot water to the precipitate, stir well and let 
stand three or four minutes and again decant* Repeat the 
decantation a third time and then transfer the precipitate to 
the filter and wash well three or four times using about 10 
c,c. of hot water each time, allowing the precipitate to drain 
thoroughly after each washing. 

Reserve the filtrate and washings for the determination 
of Magnesia, 

Now run 10 c.c. of water through as before but catch it 
in a small separate beaker, add a little H2SO4 and one drop 
of the permanganate solution and warm. If the color is not 
discharged the precipitate is suflBciently washed; otherwise 
continue the washing and test again. Then wash the 
CaC204 back into the beaker in which it was precipitated, 
add water, if necessary, to make a volume of at least 150 
C.C., place the beaker under the funnel and run through the 
filter into the beaker 30 ex. of dilute H^SO^ (1 vol- 
ume acid to 3 volumes water). Stir the contents of the 
beaker thoroughly while the acid runs in to avoid the 
separation of CaS04. Now wash the funnel and filter 
thoroughly with hot water. Dilute the liquid in the beaker 
to about 350 c.c. warm to 60"^ or 70"^ C, and titrate with the 
permanganate to a faint pink color not disappearing for two 
or three minutes. 

To test the filter paper for undissolved CaC204 it may 
be added to the contents of the beaker and stirred up in it 
but if the washing has been careful it will not cause a 
discharge of the color* 
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The number of cubic centimetres of the permanganate 
used will equal the percentage of CaCOg in the sample, for if 
Ice. equals ,008929 gram, 100 c.c. would equal .8929 
gram, the amount taken, or IQO per cent, if pure CaCOa 
was used. 

The determination of the magnesium. 

The filtrate and washings from the calcium precipitate 
should not exceed 350 c.c. When almost cool, add NH4OH 
till distinctly alkaline then gradually a suflScient amount 
(10 to 20 c.c.) of Na2HP04 solution, stirring vigorously 
during the addition; now slowly add -^ the volume of strong 
NH4OH and stir for four or five minutes. Let settle for one 
hour and filter through a 7 or 9 cm. filter. Wash the pre- 
cipitate once or twice with ammonia water, then wash 
the beaker and precipitate thoroughly with 50 per cent, 
alcohol, allowing the precipitate to drain well each time. 
Continue the washing till the last filtrate diluted with water 
does not give an alkaline reaction with cochineal indicator. 
Place the precipitate and filter in the beaker in which the 
precipitation was made and stir up with about 100 c.c. of 
waterj then add 2 c.c, of cochineal indicator and titrate 
with one- tenth normal H2SO4 to acid reaction; or add at 
once a measured excess of acid and titrate back with one- 
tenth normal ammonia. 

1 c.c. of ^ normal H3SO4 equals .0042 gram of MgCOg. 
From this value, the number of c.c, of the acid required and 
the weight taken, calculate the percentage of MgCOa- 



PBOOEBS FOR OAIX?rUM WHEEB MAGNESIUM IB PRESENT IN 
OONSIBBRABLE AMOUNT. 

"Weigh oat. .8929 gram of sample, ignite and proceed as witli low 
magnesia, but use more water in decanting and %vashing. After 
decanting two or three times, dissolve the calcium precipitate in a 
very little HCl, dilute to 200 c.c, add a few drops of (NH^) 80^04 
aoliitioo, heat and reprecipitate with NH^OH* Let settle five 
minutes, decant and wash thoroughly. This re-solution need not 
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take much time if the precipitation is made in a Tery hot liquid and 
vigorously stirred. When the precipitate is thoroughly washed ^ 
transfer it to the bealter in whicli precipitation was made, dissolve 
It in HgSO^ and titrate with KMnO^ as in the first process* 

THE DETEBMIKATION OF THE MAGNESTUM "WITHOUT SEPAKATIOIT 

OF THE CALCItTM, 

This rapid method only applies to dolomites containing very- 
little iron. 

Weigh out *42 gram of sample into a beaker, add 20 c*c. of 
water 10 c.c, of concentrated HCl and then 3 or 4 drops of 
HNOht boil till solution is complete, Bilute to l&O cc. add 
NH4OH till just alkaline, heat to boiling and precipitate the 
calcium as nsual, using 20 o.c. of a saturated solution of 
(NH4)^Ca04 diluted with its own volume of water and also heat- 
ed to hoiling. Stir vigorously for four or five minutea. Let 
the calcium, precipitate settle for ten minutes. Cool the solution, 
and add NH^OH till distinctly alkaline; then add gradually a suflB- 
cient amount of NaaHP04 and stir well. Then add slowly ^ the 
volume of strong NH^OH and stir vigorously for four or five 
minutes. Let the mixed precipitates settle one hour, filter, wash 
with 50 per cent, alcohol and titrate with H^SO^ as before. COg must 
be avoided in reagents and water as any CaCOg will titrate as 
magnesium. 

NOTES ON THE VOLUMETRIC METHODS. 

Ignition of the sample is necessary to destroy any organic 
matter present, which, if not destroyed, will reduce KMnOi and 
cause the calcium results to run high. 

Unless the precipitate of CaCjO* is stirred up in a considerable 
volume of water when the first few cubic centimeters of the H^SO^ 
are added to dissolve it, a dense flaky precipitate of CaSO^ may 
separate, which is likely to occlude solution and obscure the end 
poinL 

If the KMnOi is added too rapidly during the titration, or the 
solution is not well stirred, brown MnO^ may separate out; if this is 
not completely redissolved the results will he inaccurate. 

All water used in diluting the solutions in this process for lime 
must be free from CO, or CaCOg will come down with the CaCgO^ 
and as this does not react with permanganate, the lime will come 
low. For the same reason it is important that all the CO, be expell- 
ed from the solution of the sample in HCl by boiling it thoroughly. 
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If the precipitatioD of the magnesium is made in an Erlenmeyer 
flask and the solution shaken well for five minutes, it can be filtered 
off in a few minutes. 

In the magnesia titration the end reaction is more satisfac- 
tory if a considerable excess of acid is run in first, and when all 
the MgNH^PO^ is dissolved, the excess determined by titrating 
back with one-tenth normal ammonia. The number of cubic cen- 
timeters of ammonia used, deducted from the amount of acid taken, 
gives the acid needed for the MgNH^PO^. 

In analysing dolomites or other high magnesian materials it is 
usually quicker to determine the magnesium in a separate sample 
as above described, than to consume time in concentrating filtrates. 
If more than a few tenths per cent, of iron are present the end 
reaction becomes very obscure from the action of the iron on the 
cochineal, rendering the process inapplicable unless the iron is 
first removed. 

In the determination of magnesia, the precipitate after wash- 
ing with ammonia water maybe partially dried at ordinary temper- 
atures till the ammonia is expelled and the washing by alcohol 
thus avoided. (Handy ^s process). 

References on Volumetric Lime and Magnesia. 

Fresenius. Quantitative Analysis. 

Sutton. Volumetric Analysis. 

Handy. Jour. Am. Chem. Soc. 1900. P. 81. 

Meade. Jour. Am. Chem. Soc. 1899. P. 746. 

Ulke. Eng. Min,J. 1900. Vol. 69, p. 164, 

Konnick. Jour. Soc. Chem. Ind. 1900. P.'664. 



THE DETERRDNATION OF IRON IN ORES* 

Most Iron ores give up praetically all their iron to hydrochloric 
acid. proTided the acid be strong and the ore sufflcletitJy finely 
pulverized. 

There is danger of lose of iron, probably mechanical, if a 
concentrated solution of FeCls is boiled; heneei too great concentra- 
tion of the solution and too hard boiling must be avoided. 

If the residue from the action of HCl is white after ignition, the 
iron may he considered to be all extracted unless the ore contains 
TiOjj in which case an insoluble compound of iron, phosphorus and 
titanium may remain, which will not color the residue. The pres- 
ence of much titanium causes a milky appearance in the solution 
when diluted, and also causes the insoluble matter to run through 
the filter when washed. 

In case of unlinown ores it is safer to fuse the insoluble portion, 
as in a limestone, and determine the iron in this portion separately. 
(See the detemoination of silica in iron ores). 

Sometimes previous ignition of the ore at a red heat will cause 
it to dissolve more completely. 

Solution : — Pulverize the ore in an agate mortar; take a 
very little at a time and rub it until all trace of grit has 
disappeared when tested between the teeth or on the back 
of the hand. 

Weigh out one gram, put it into a small dry beak- 
er, brushing off the watch glass carefully. Add 25 to 30 c,c. 
concentrated HCI, cover the beaker with a watch glass and 
set it on a hot iron plate. Digest at a temperature just short of 
boiling until all the iron is dissolved, and on shaking 
the beaker the residue appears light and " flotant '' and free 
from dark, heavy particles. This may take from fifteen I 
minutes to one hour or more, according to the nature of the 
ore. Dilute the solution to two or three times its orignal vol- 
ume and filter through a 5 cm, filter into a 100 c.c, measuring 
flask. Wash the residue on the filter till it is free from acid. 
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By taking care to let the wash water run through completely 
each time, and not more than half filling the filter, this can be 
accomplished with not to exceed 80 c.c. of filtrate. Dilute to 
the mark and divide into two equal portions, then determine 
the iron in each. The results should agree almost exactly, 
and their sum is the iron in one gram of the ore. Dry and 
ignite the insoluble portion. If it is not white, or if suspected 
of containing iron, fuse as in case of the insoluble residue in 
a limestone. The iron in the HCl solution is then deter- 
mined and added to the main quantity. 

A convenient way to divide the solution in the 100 c.c. flask with- 
out using a dried measuring flask, is to rinse out a wet 50 c.c. flask 
with a little of the solution, pouring this out into a beaker, and 
then flUing the 50 c.c. flask to the mark. Add the remainder of the 
100 c.c. to that used in rinsing, washing out the 100 c c. flask with a 
little water. ,Half of the solution will now be in the 50 c.c. flask and 
half in the beaker with the water. 

Where an ore is decomposed with difllculty by HCl the addition 
of 2 or 8 c.c. of SnCl, solution to the ore and acid in the beaker will 
greatly accelerate the action by causing reduction of the ore as it 
dissolves. In this case after the color and the nature of the residue 
shows complete extraction, carefully add a solution of KMnO^ to 
the contents of the beaker until the yellow color of ferric chloride 
again appears, then dilute and proceed as usual. The object of the 
permanganate is to oxidize the large excess of SnClj- It can be omit- 
ted if care is taken to avoid such excess, but its use is generally 
safer. Instead of taking one gram of the ore and dividing the 
solution as described and duplicating the determination, a single 
portion of one-half gram may be dissolved, and if experience has 
shown the residue to be free from iron, the solution can be diluted^ 
reduced and the iron ^determined without filtering, thus greatly 
shortening the time required; but it is not safe to let the residue of 
an unknown.ore pass without examination, 

THE VOLUMETRIC DETERMINATION OF IRON BY POTASSIUM 

BICHROMATE AFTER REDUCTION OF THE FERRIC 

CHLORIDE BY STANNOUS CHLORIDE. 

The process depends on the following reactions. 

1. A strongly acid solution of FeClg, if boiling hot, is almost 

instantly reduced to FeCla by a solution of SnClg, the end of the 
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reaction being shown by the disappearance of the yellow color of 
the solution. 

2FeCls+8nCl,=2FeCl,+8nCl4. 

2. Any slight excess of tin solution can be remoyed by adding 
HgCl,, which is reduced to HgCl, forming an inert, white pre- 
cipitate without action on iron salts or bichromate, the SnCl, being 
converted into SnCl^. 

SnCl,-f2HgCl,=8nCl4+2HgCl. 

The reaction is not instantaneous and after the addition 
of the HgCI, at least two or three minutes should elapse before 
titration. 

This reaction is satisfactory, provided too much SnCla is not 
present and the HgClg is in large excess and added all at once^ other- 
wise metallic mercury may be formed as a gray precipitate, which 
will act on the bichromate solution and cause false results. 

8nCla+HgCl8=8nCl4+Hg. 

This reaction is at once detected by the gray color of the pre- 
cipitate and entirely vitiates the results. 

If the solution is very hot the diflBlculty of avoiding the reduc- 
tion to mercury is increased. 

3. When a solution of KaCrjO^ (potassium bichromate) is added 
to a solution of FeCls containing a considerable excess of HCl the 
FeCl, is immediately oxidized to FeClg with a corresponding reduc- 
tion of bichromate. 

K,Cr,07+14HCl+6FeCla=2KCl+2CrCl8+6FeCl8+7H,0. 
Id the absence of an excess of HCl a basic chromium salt may 
separate as a precipitate and vitiate the results. 

4. 8olutions containing FeClj strike an intense blue color with 
KgFeCCNJe (potassium ferricyanide), while solutions containing 
FeClg give a yellow brown color. The ferricyanide solution must 
be fresh as it is reduced on exposure to light or outstanding, and it 
must be dilute or its own color will interfere. The salt must be 
pure ; some ferricyanide is contaminated with ferrocyanide and is 
worthless for this purpose. 

PREPARATION OF THE SOLUTIONS. 

1. Potassium Bichromate Solution, Fuse a sufficient 
quantity of the chemically pure salt in a platinum crucible. 
Apply the heat carefully and avoid all contact of the 
flame with the contents of the crucible as this will cause 
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2. Stannous Chlonde Sohtimin Dissolve commercial 
'* protochloride of tin" (** muriate of tin**) in four times its 
weight of a mixture of tbree parts of water and one of HCL 
Add scraps of metallic tin, and boil till the solution is clear 
and colorless* Keep the solution in a closed dropping bottle 
containing metallic tin, 

3. A Saturated Solution of Mercuric Chloride. Keep an 
excess of the salt in a bottle and fill it up with water from 
time to time. 

4. A Very Dilute Solution of Poiassium Ferricyanide, 
Dissolve a piece half as big as a small pea in 40 or 50 ex. of 
water. This solution must be made fresh when wanted as it 
does not keep. 

The other solutions keep indefinitely. The SnCl2 solu- 
tion, however J absorbs oxygen and hence must be kept from 
the air; should it grow turbid or deposit a white precip- 
itate, add more HCl and metallic tin and heat till clear. 



PROCESS FOR THE ASSAY. 

Transfer one-half the iron solution to a porcelain dish, 
add 5 c.c. HCl, heat to boiling, and drop in the tin solution 
slowly till the last drop makes the solution colorless- Re- 
move the lamp and add a little cold water to cool the liquids 
Then add at once 15 ex. of the mercuric chloride solution, 
stirring the liquid with a glass rod. Let it stand three or 
four minutes. A slight white precipitate should form ; if 
none, or a heavy grayisk precipitate forms, the result is ren- 
dered doubtful or incorrect. 

Now run in the bichromate solution until a drop of the 
liquid tested on the porcelain plate with a drop of ferri- 
cyanide solution no longer shows a blue, but a yellow color. 

The number of cubic centimeters used, multiplied by 
two, gives the percentage of iron in the sample. 
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Repeat the process on the second half of the iron solu- 
tion running ie at once neaily the full amount of bichromate 
and then finishing drop by drop. If the two results nearly 
agree, average them. If by accident too much of the bichro- 
mate solution has been run in, add 1 c.c. of a dilute solution of 
FeS04, finish and read* Then add 1 c.c. more of the same 
solution; again finish and read. Deduct the difference 
between the first and second readings from the first reading 
to find the true end point. 

In the case of mUl cinder and other decompoeable Blag:S| add 
20c.c, of water to the finely powdered material, and stir up well to 
preTent the cinder caking on the bottom of the beaker; then add 
20-30 c.c. HCl and proceed as before. 

In the case of materials not attacked by HCl, fusion with 
Na,COs is necessary to get the ironlnto a soluble form. 

Titanium will not affect this process, provided care be taken to 
fuse the residue and add its aolution to the main filtrate* When 
ainc is used to reduce the solution TiO^ will vitiate the results. 

The presence of vanadium is said to vitiate the result^ as it is 
reduced by the SnCla and reoxidized by the bichromate. 

THE DETERMINATION OF IRON BY TITRATION WITH PERMAN- 
GANATE OF POTASSIUM AFTER REDUCTION BY ZINC. 

This is a widely used process* The time of the actual titration Is 
shorter tliau with the bichromate, a^s no outside indicator is neces- 
eary, the end reaction being the permanent pink tint given to 
the^iquid by the slig^ht excess of permanganate. 

On the other hand the permanganate solution is much more 
liable to change than the bichromate and is also much more subject 
to reduction by other materials, as for example, organic matter in 
the ore or solution. 

Titration by permanganate in HCl solution is only permissible 
if a certain amount of manganous salt is first added to the solution, 
as otherwise the HCl will cause some reduction of the KMnO^ giv- 
ing a yellow-brown color and obscuring the end reaction* 

The addition of pliosphoric acid is desirable as it changes 
the yellow ferric chloride to ferric phosphate, which is colorless in 
HCl solution and does not obscure the end reaction » 
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Reduction of the solution by zinc is accomplistied either by 
adding granulated zinc to the liquid in an Erlennieyer flaslc and 
boilingafewminutes, as in the Emmerton plioBphorus process; or 
still more expeditiously by using the ''redactor'^ introduced by Mr, 
Clemens Jones, in which the iron solution is filtered through a 
column of granulated zinc. 

Zinc is such a powerful reducing agent that many substances 
are reduced by it to oxidizable forms which tend to vitiate the 
results in iron, Thua the iron solution must not contain arsenic, 
titanium, vanadium or nitrates^ since lower oxides will be formed 
which will reduce permanganate. Nitrates are reduced ultimately 
to ammonia which does no harm but frequently the reduction is 
only partial, forming hydroxylamine which acts powerfully on 
permanganate. 

As the zinc Is never perfectly pure, a '* blank'' must always be 
run upon it and the amount of this blank deducted from the per- 
manganate used in the regular titration. 



SOLUTIONS REQUIRED. 

1. Pemmnganaie Solution. A convenient solution is 
one ia which 1 c.c. equals 0,01 gram of iron. This will 
contain 5.648 grams of KM0O4 to the litre- The reaction 
is as follows : 

KMn04+5FeCl2+8HCl-KCl+MnCl2+5FeCl3+4H20. 

To prepare such a solution, dissolve 5.7 grams of pure 
crystallized KMnO^ in water and dilute to 1 litre. 

The solution should be prepared some time before stand- 
ardizing. It is likely to alter rapidly at first, but in time 
reaches a comparatively stable condition if protected from 
light and dust. 

Where large quantities are used, it is a good plan to 
make up a carboy ahead and let it be ** aging.'' 

To standardize this solution, use pure iron wire which 
can now be obtained for this special purpose. It contains 
99,8 per cent, of iron. 
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Clean the wire by rubbing it with emery cloth and then 
with filter paper. Form it into a spiral by wrapping it 
around a small glass rod and cut into lengths correspond- 
ing to about 0.25 gram. Throw away the part held by the 
fingers while wrapping the spiral. Accurately weigh one of 
these pieces and put it in a small Erlenmeyer flask of about 75 
c.c. capacity. This flask should be closed with a small 
glass bulb having a stem reaching down into the neck. This 
stopper prevents air from entering and causing oxidation of 
the solution. Add 20 c.c. of dilute H2SO4 (1:4), to the wire 
and then set the flask on a hot plate until the iron dissolves, 
avoiding violent boiling. When the iron is dissolved pour 
cold water over the bulb into the flask, thus washing down 
both the bulb and the neck of the flask. Transfer the liquid 
rapidly to a beaker, dilute to 200 c.c. and titrate without 
delay. The weight of the iron taken, multiplied by 0.998 
and divided by the number of c.c. of the permanganate so- 
lution required will be the amount of iron equivalent to 
1 c.c. of the solution. 

The solution may then be diluted so as to make 1 c.c. 
equal to 0.01 iron, using water which has been boiled and 
while boiling treated with permanganate until it retains a 
very faint permanent pink color. It is more usual, how- 
ever, to use the above value as a ^'correction factor" and 
to multiply the volume of permanganate used in the analysis 
by this factor. 

In all work involving the use of potassium pernaangante use 
only Gay-Lussac or glass: stoppered burettes as it is reduced by 
contact with rubber tubes. 

2. Titrating Solution, This is made by dissolving 160 
grams of manganous sulphate in water, diluting to 1750 c.c, 
adding 330 c.c. of phosphoric acid and 320 c.c. of sulphuric 
acid. Use the concentrated "syrupy phosphoric acid" of 
1.725 sp. gr. 
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PREPARATION OF THE * REDDCTOR. 
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A simple form of this apparatus is shown in Fig, 2, 

The large tube is about five-eighths inch 
inside diameter and is contracted at the 
bottom, and expanded into a funnel at the 
top. The stem enters the rubber stopper of 
the bottle, which is connected with a suc- 
tion pump. The apparatus is filled as fol- 
lows; A disc of stiflF platinum foil A is cut a 
little smaller than the tube and rests on the 
contraction at the bottom; it is punched 
full of holes with a needle. A thin glass 
rod is fused into a hole in the center and this 
serves to hold it in place. Above the disc 
is about three-fourths of an inch of clean 
white sand B, which has been boiled with 
HCl and then washed to remove iron. 
Above the sand is a second perforated disc 
of platinum C, Above this the tube is filled 
with granulated zinc D lor ten inches. 
This zinc must be of such a size that it 
will pass through a 20-mesh sieve, but not 
through a 30. It should be amalgamated 
before use, as follows: Moisten a quantity 
of it with very dilute sulphuric acid (about 
3 c.c- to 100 c.c. of water), add a small 
Fig. 2. drop of mercury and stir it in until the 

'*REDuo5'OR/' zinc shows uniformly the white mercury 

color. Wash the zinc free from acid and put it in the tube. 

Avoid more than just enough mercury. One-half gram is 

sufficient for 150 grams of zinc. 

The solution to be reduced la poured into the funnel shaped 
top of the reductor. The rate at which it is drawn through must 
not be too rapid. Teat this point by drawing an iron solution 
through and then adding som^ ammonium sulphocyanate to the re- 
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duced solution. If this gives a pink color the speed was too great 
^and must be reduced by diminisbiug the suction* If air is drawn 
'through the zinc in the reductor and immediat-ely followed by dilute 
acid, the liquid running through is sometimes found to be oxidising, 
.possibly from the formation of HjO^ ; hence, while running through 
I the solution and wash water > the surface of the zinc must be kept 
continually covered with liquid. 

II the reductor has stood unused for some time it should be 
washed out with dilute sulphuric acid and wat^r before putting the 
solution through it* 

PROCESS, 
Weigh out 0.5 gram of the finely grouBd sample and ignite 
it in a porcelain crucible to destroy organic matter. Trans- 
fer it to a small beaker, add lOc.c. of concentrated HCl| cover 
and digest till all the iron is in solution. Add 20 c,c. of dilute 
H2SO4 (1:1) and boil gently to expel some of the excess of 
HCI, then dilute to about 100 c,c, and filter, washing the 
the residue thoroughly. Dilute the filtrate to 200 cc, using 
cold water, as the solution should be cool. 

Now pour the solution into the zinc reductor and apply 
such suction that the liquid will flow through in a moderate 
stream. Follow the solution with 100 ex. of 5 per cent. 
H2SO4, then with 150 c.c. of water, keeping the zinc 
covered with liquid during the entire process so that 
air will not be drawn through the zinc. As soon as the last 
wash water has passed through, disconnect the suction tube, 
pour the solution into a large beaker and rinse the flask out 
with a little water. Add 10 c,c, of the '* titrating solution '* 
and titrate quickly with KMnO*. 

The number of ex. of KMn04 X factor X 2=the per- 
centage of iron. 

Ignition of the sample is necessary unless org'anio matter is 
known to he absent. 

Theeentle boilingj after adding tii© dilute^HaSO^, gets rid of 
lost of the HCL It is not neeessary to expel all of it. 

Determine ttie correction for the impurity in the zinc by run- 
ning a blank with the same amount of water and aeide used In the 
analysis, and deduct the volume of permanganate required in this 
from" that used in the analysis. 

The process should he checked on ores ol known composition. 
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THE PERMANGANATE METHOD WITH REDUCTION BY SnClt- 

This method is reliable, provided organic matter and 
sulphides are carefully destroyed by ignition of the ore and 
also that only a very slight excess of SnClg is used. The 
precipitate of HgCl is slightly acted upon by KMnO* in 
strongly acid solutions ; hence, titration must be made in 
very dilute cool solutions. 

PROCESS, 

Take 0.5 gram of ore, add a slight excess ofSnCla solu- 
tion and 10 to 15 c.c. of HCl (1: 1). Boil gently until the 
iron is all dissolved- This point is easily seen, owing to the 
light color of the solutiouj theSnCla reducing the iron to the 
ferrous form. Now, if necessary, drop in more tin solution 
to complete the reduction. Then add 5 c.c* of a saturated 
solution of HgCl^ to remove the excess of SnClg. Dilute 
the solution to about 250 c.c. , add 5 or 10 c.c. of the ** titrating 
solution/' and then the standard permanganate solution until 
the last drop gives a persistent pink color. If excess of SaClg 
has been added during the solution, oxidize it with per- 
manganate and reduce again as described on page 29. 

References on Iron: 

£ng^ Min. Jourj YaL LVII, P. 343. Mixer and Dubois. PermaDganate and Tin. 

Jour. Am. Chem. Soc. 1B»3. P. 620. Dudley. De»ciiptlon reductor. 

Jour. Am. Chcm. Soc. 18B». P, 738. Shimcr. Description reductor. 

^'Methods of Iron AoatysiE/' P. il3. MoKenmsi, Am&LEamatiiOD of Zinc. 



THE DETERMINATION OF SILICIO0S MATTER AND SILICA 
IN IRON ORES. 

The portion of an Iron ore insoluble In HCl, consists of free 
eillea, various silicates, prlueipaily silicate of alumina, and not 
infrequently barium sulphate and titanic acid* Pyrite (FeSa) is but 
slightly attacked by HCl and may remain in the residue unless 
some HNOj is added to the HCl. Spinel may be present occasion- 
ally in ores. Certain silicates, such as garnet, become soluble only 
after ignition ; hence, when these are present, a preliminary roast- 
ing will increase the solubility of an iron ore. 

The HCl solution of the ore is liable to contain silicic acid 
which must be separated by evaporation to dryness* 
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Treat one gram of the fiaely pulverized ore in a casse- 
role or 4-in» porcelain dish with 25 c.c. concentrated HCl 
rand a little HNO3; evaporate the salntion to dryness and 
[heat on an iron plate until the residue is dry and scaly, Dis- 
' solve by warming in 10 c.c, concentrated HCl, dilute, filter 
onto a small filter, wash, ignite and weigh the *^ silicions 
matter.*' 

Mix the ignited " insoluble silicious matter '* with 6-8 
times its weight of dry Na2C03 ; fuse in a platinum crucible 
■ and extract with water. Acidify^ with HCl, evaporate to dry- 
ness and heat at a temperature not exceeding 120^C*, until 
all odor of HCl has gone, 

Add HCl and water, filter and wash with hot water, 
dry, ignite and weigh the SiOa. 

This filtrate may be evaporated to dryness and will nsaaUy be 
kloimd to contain a small trace of 8iO, not separated in the first 
evaporation* As noted t>efore, the evaporation of the filtrate is a 
more efficient means of recovering all the SiOj than repeated evap* 
orations before filtering. The second evaporation is not neces- 
sary unless very exact resnlts are required, and in this case it is 
necessary to determine the impurity in the SiO, as follows. 

To the weighed BiOg in the platinum crucible, add 1-10 drops 
concentrated Ha SO 4 (enough to moisten itj; then add pure concen- 
trated HFl until the 8iOj is completely dissolved* Evaporate to 
dryness under a good hood, and ignite the residue. Deduct the 
weight of this from the weight of SiO^ first found and the differ- 
ence is pur© 8i0a* 

On treatment with hydrofiiiorlc acid the silica is completely 
volatilized as gaseous silicon fiuoride, while alumina, iron oxide^ 
titanic oxide and barium suiphate remain unaltered. 

Should the silica contain alkaline chlorides due to imperfect 
waahing, these will be converted into sulphates, and the residue 
will be too heavy. This error need only be feared if there is con- 
siderable silica. 

In case the ore contains spinel, this will neither be decomposed 
by the acid nor by the fusion, but will be found in the HFl residue 
and may retain some iron. It can be decomposed by prolonged 
treatment with dilute HjSO^ one volume of acid to one volume 
of water. 

The combined filtrates in the above process can be used for an 
exact determination of the iron. 





THE DETERMINATION OF PHOSPHORUS IN IRON 
ORES, IRON AND STEEL 

The methods in general use all depend upon first getting the 
phosphorus into solution as orthophosphoric acid, and then separat- 
ing it from the iron and other bases in the form of ammonium phos- 
phododecamolybdate, the so called "yellow precipitate." 

The phosphorus in this is then determined directly or indirectly, 
and either gravimetrically or volume trically. 

This substance, when dried at 130 C, has uniformly the composi- 
tion 12 MoOs, P04(NH4)8. This formula requires 1.66 per cent, of 
phosphorus. The average of many most carefully conducted exper- 
iments has shown that the precipitate, if free from admixed 
molybdic acid or other impurities, contains 1.63 per cent, phos- 
phorus within very narrow limits. 

The precipitate is only obtained pure when formed under very 
exact conditions, and is easily affected by subsequent treatment, so 
that all methods depending upon the weighing of the "yellow pre- 
cipitate*' or its volumetric determination must be carried out rigor- 
ously according to the prescribed directions in every detail. 

When a solution of ammonium molybdate in nitric acid is added 
to an acid solution containing phosphoric acid, the whole of the 
phosphoric acid is precipitated as the yellow "ammonium phospho- 
molybdate,'* under the following conditions. 

1. All the phosphorus must be present as tribasic (ortho) 
phosphoric acid. 

2. A decided excess of ammonium nitrate or sulphate should 
btB present. 

The precipitation is most rapid when the solution contains 
between five and ten per cent, of the salt. 

3. A certain excess of free acid must be present — preferably 
nitric or sulphuric. This must amount to at least 25 molecules of 
acid for each molecule of P2O5 present, and must be Increased when 
sulphates are present. 

4. Too great an excess of free acid must be avoided, as this 
causes decomposition and partial re-solution of the precipitate. 
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This action becomes perceptible when over 80 molecules of acid are 
present to each molecule of P2O5. The concentration of the acid is 
also important; the smaller the volume of liquid the less free 
acid must be present. 

This solvent action of free acid is prevented by a sufficient 
excess of molybdic acid solution, which excess must be greater as 
the amount of free acid is greater. It is also largely overcome by a 
considerable excess of ammonium nitrate. 

5. The yellow precipitate is insoluble in the solution of molyb- 
date of ammonia in nitric acid ; also in solutions of ammonium salts, 
if neutral or only very slightly/ acid, but if strongly acid they attack 
the precipitate, which is, however, reprecipitated by the addition of 
molybdic acid solution to the liquid. It is also practically insoluble 
in a solution of potassium nitrate when neutral and not too dilute. 
Solutions of salts of organic acids usually dissolve the precipitate to 
some extent. From these solutions nitric acid and ammonium 
nitrate, in some cases, reprecipitate the compound; in others, e. g., 
with tartaric acid, or oxalic acid, probably not completely. 

The mineral acids, HCl, HNO3, H2SO4, all have a solvent action 
on the precipitate even in the presence of ammonium nitrate. 
HNOg has the least, HCl probably the most. 

Pure water has a tendency to decompose the precipitate to a 
slight extent and make it run through the filter. 

6. Precipitation is much more rapid from hot than from cold 
solutions, but in time it is probably complete at any temperature 
The precipitate from hot solutions is denser and more crystalline ; 
from cold, finer and more granular, and harder to filter and wash. 

7. Agitation greatly accelerates precipitation in this as well as 
in other chemical reactions. 

8. The precipitate dried to constant weight at ordinary temper- 
atures retains a little acid and water, which it loses iwhen dried at 
130° C. By washing the precipitate with a neutral solution of am- 
monium or potassium nitrate or by prolonged washing with water, 
it can be freed from acid without drying. 

9. SiOj in the solution does not seem to interfere with the com- 
plete precipitation of phosphorus as yellow precipitate, but a small 
trace of the SiOa usually comes down with the precipitate, especially 
if the solution is too concentrated, or too warm, or stands too long. 
If the solution is rather dilute, not too hot, and is filtered promptly, 
the yellow precipitate can be obtained in the presence of consider- 
able SlOj and practically free from it. Titanic acid does not prevent 
though it greatly delays the precipitation of phosphorus by molyb- 
dic acid solution. 
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10, Organic matter has usually been supposed to Interfere 
with the preeipitatlon of phosphornsH, but it is probable that in many 
caaea^ noticeably in steel analysis, the bad results attributed to this 
cause were due to the fact that the phosphorus had not all been con- 
verted into the trlbasic acid* The pyro- and meta-phosphorio acids 
are not completely precipitated by molybdic acid solution* 

11, When arsenic acid is preHent in the solution with the phos- 
phorus^ some of it will be precipitated at the same time, the amount 
Increasing with the temperature. Only very small traces come down 
at temperatures not exceeding 25** C 

12, MoOa may separate with the yellow precipitate as a light 
crystalline deposit. This free MoOg is soluble in acids with difficulty 
and cannot be washed out of the yellow precipitate. Its separation 
must always be guarded against when the yellow precipitate is to be 
weighed or titrated* It forms when the solution contains too much 
MoOgT Is too concentrated^ or too dilute, too strongly acid or too 
nearly neutral. Too high a temperature precipitates it. The addi- 
tion of strong HNO3 to a solution of molybdic acid will sometimes 
precipitate it, as will the adding of molybdic acid solution to solu- 
tions of iron in concentrated nitric acid. Long standing favorB the 
separation of excess of MoOj with the yellow precipitate. A finely 
divided form of the precipitated MoOgt sometimes occurs^ easily 
mistaken for " yellow precipitate *' and liable to escape notice* 

13, When the yellow precipitate is thrown down in a solution 
containing much iron and not sufficient acid| basic iron salts are 
likely to accompany it, making it reddish in color. This is especially 
the case when the solutions are hot. 

14, The yellow precipitate, if pure, is easily and completely 
soluble in NH4OH, (if it contains iron the solution will be turbid 
from the formation of ferric phosphate). From this solution the 
phosphoric acid is completely precipitated by "magnesia mixture^' 
as MgNH^P04, If the yellow precipitate contains any SiO, this 
will also, in part at least, dissolve in the NH4OH and separate with 
the magnesia precipitate, mak ing It a little flocculent. By cautiously 
adding HCl to the NH^OH solution of the yellow precipitate until 
nearly neutral, and letting it stand for some time in a warm place, 
the SlOj separates completely and may be filtered off. The phos- 
phorus may then be precipitated in the filtrate* In precipitating 
phosphoric acid with magnesia mixture, add the reagent drop by drop 
and stir the liquid constantly, so that the precipitate separates slowly 
and in a crystalline form, otherwise it will be impure, contain* 
ing magnesia in excess and molybdic acid. The MgjPaO, must be 
Ignited thoroaghly and with access of air to drive off any trace of 
MoOg it may contain. 
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Shimer— Trans. Inst. Min. Eagti., vol XVII, p. 100, 

Hamilton — Jour. Soc. Chcm. ind.^ voL X» p. 9CW. 

Babbitt— Jour. An, and App. Chem., vol. VI, p. 8S1. 

Pattinson— Jour. Soc, Chem. Ind,, vol. XIV, p. «49 

Mahon^Jour. Am. Chem. Soc. lB9Sj p. 439. 

Baxter— Am. Cbem. Jour. vol. 28, p. 39S. 
On the predpUation by magnesja^- 

Goocb— Am. Cbem, Jour., toI. I. p. B9L 



yellow precipitate^^ and the effects of impurities and asso- 
111 ; also Chem. NewSj vo . 



GRAVIMETRIC METHOD FOR PHOSPHORUS WITH FINAI- PRE- 
CIPITATION AS MAGNESIUM AMMONIUM PHOSPHATE. 

This method Is free from the chances of error due to the prea- 
euce of MoOg in the the yellow precipitate. It is gravimetric, and 
the phosphoric acid is finally weighed in a form not subject to vari- 
ation in composition* It Is applicable to all kinds of material 
and to any percentage of phosphoric acid; hence, it is a standard 
method to which final reference must be made in all important 
determinations, 

PfOCiss for Iron Ores, — In the absence of more than traces 
of titanium or arsenic. Weigh 1 to 5 grams, according to 
the percentage of phosphortis> of the very finely pulverized 
ore. Put it iuto a 4-inch porcelain dish or casserole, add 1 c.c, 
HNOgj then concentrated HCl, using 10 ex. for each gram 
of ore taken, and then add 15 c.c. more ( i. e, for three grams 
use 45 c. c* ). Cover with a watch glass and warm till all the iroa 
appears to be in solution, then boil down to dryness, keeping 
covered to avoid spattering. Dry on a hot plate till the 
acid is expelled, then add from 30 ex. to 50 c.c. concen- 
trated HCl J cover and digest till all the iron is dissolved. 
Now boil down until the volume of the liquid does not 
exceed 10 or 15 ex. If the dish is kept covered there 
need be no formation of dry salt on the sides. Add water 
till the volume is 40 or 50 cc, washing ofi the cover and 
the sides of the dish. Filter into a No, 1 or 2 beaker, 
using a small filter* Transfer the residue to the filter and 
wash until there is no acid taste to the washings. 
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Dry and ignite the residue. With ordinary ores, if light 
colored and not too large in amount it is practically free 
from phosphorus, and may be thrown away. In special or 
doubtful cases, however, fuse it, like the insoluble residue 
from a limestone, and after filtering out the silica, add am- 
monia to the filtrate, heat to boiling and let the precipitate 
of Fe(OH)3+Fe(P04) settle. Decant oflf the clear liquid, dis- 
solve the precipitate in a little HNO3, add 20 c.c. of 
molybdic acid solution and warm. Should a "yellow precip- 
itate" separate, it must be added to that obtained from the 
main solution. 

In some cases treatment of the residue with acid after it 
has been ignited will extract the remainder of the phosphorus. 

Such ores should be ignited after weighing out, and will then 
usually give a residue free from phosphorus. 

Always test the residue from very low phosphorus ores. 

The filtrate and washings from the insoluble matter of 
the ore should not exceed 150 c.c. To these add 10 c.c. of 
concentrated HNO3, and then NH4OH, until a precipitate 
is formed which does not disappear on stirring. Then 
add 3 c.c. of concentrated HNO3, which must redissolve 
the precipitate and give a clear, amber colored liquid, not at 
all red in tint. The solution will now be quite warm. Add 
at once from a pipette in a fine stream 50 c.c. of **molybdic 
acid solution.''* Stir the liquid vigorously while adding the 
reagent and for about three minutes afterwards. Let the 
solution stand in a warm place until it is clear and the 
precipitate has all settled (which should not require more 



* Preparation of the Molybdic Acid Solution. — Add to 100 grms. of molybdic acid, 300 c.c. 
of water, and then 120 c.c. of NH^OH 0.90 sp. gr. This will dissolve the M0O3. The solu- 
tion must smell distinctly of ammonia, if it does not, add more NH4OH. Unless the solution 
is clear, filter it, then dilute to about 800 c.c. Now mix 600 c.c. of cone. HNO3 with enough 
water to make about 1200 c.c. Cool both solutions and mix by pouring the solution of molybdic 
acid into the diluted HNO^, The volume should now be about 2000 c.c. Let mixture stand a day 
or two, or until any small precipitate settles and use the clear liquid. If the solution of molybdic 
acid in N H4OH is not diluted sufficiently, or if the above directions are not followed as to mix- 
ing, the molybdic acid may separate from the solution. 40 c.c. of this solution will precipitate 
about 0.04 grms. of phosphorus. Pure M0O3 must be used in this formula. Some of that on the 
market is principally ammonium molybdate containing water and ammonia. It should be tested 
by gently igniting a small quantity and determining the loss of weight. Calculate only the 
non-volatile portion as M0O3 in preparing the solution. 



than one houT)^ remove a portion of the clear liquid 
with a pipette and test it by adding a little more tnolybdic 
acid soliitioa and warming, to make sure that all the P2O5 is 
down. 

Filter the liquid through a 7 cm. filter. Transfer the 
precipitate to the filter and wash free from iron, with a 
5 per cent, solution of ammonium nitrate i^ery slightly acid- 
ified with HNO3. The washing must be thorough or diffi- 
culty will be experienced when dissolving the precipitate, as 
phosphates of iron and alumina may form and clog up 
the filter* When the precipitate is washed, put the 
beaker in which the precipitation was made, under the 
funnel, and redissolve the precipitate on the filter with 
20 to 30c.c. of dilute NH4OH (about one part of concentrated 
ammonia to four of water). When it is dissolved and the 
liquid has all run through, wash the filter three or four times 
with water J then with a little dilute HC1» to dissolve any 
ferric or other insoluble phosphate present, and finally 
with water. Use care in washing, letting each portion 
of water run through before adding another so as to 
keep the volume of the filtrate smalL This should not ex- 
ceed 100 c.c. and is usually much less. The filtrate should 
now be clear and colorless. If it is cloudy or colored (due to a 
little iron), add HCl until the liquid is acid (the yellow pre- 
cipitate usually separates), then add four or five drops of a 
satnrated solution of citric acid, then NH4OH to make the 
liquid strongly alkaline. This will give a clear liquid, the 
citric acid holding the iron in solution. 

Now add drop by drop a considerable excess of * 'mag- 
nesia mixture," ^ stirring the liquid constantly. Estimate 
the amount from the probable percentage of phosphorus 



* Prtparaiion, of "Magnesia Mixture." — DLesDlve 22 grins, of dry calcined magnesta in 
as little HCl ai possible. %Vh«n dissolved add more of the magnesia until some reniaiDS undis- 
solved, now boH; auy iron oxide^ alumina and phosphoric acid present will be precipitated. Filter 
the solutlom, add 280 grams NH^Cl, 8O0 c.c. water and 200 c.c. conc.NH^OH (sp. gr. ^M ). 
W hen all dissolves, dilute to 200Q c.c. Let staod a day ot two and decant or filter the solution 
from an y^ precipitate. 10 c.c. of this reagent will precipitate about 0.07 Eram ol phosphorus. 
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in the ore taken. Cotitinue to stir the solution vigorously 
for four or five minutes^ then add NH4OH until the solution 
smells strongly of ammonia. Let it stand until the precipi* 
tate of MgNH4P04 has settled completely (one or two 
hours). The precipitate should be w/nt^ and crystalline ; if 
red or flaky, the results will be inaccurate. Filter onto a 
small filter or better onto a Gooch perforated crucible. 
Wash with water containing^ its volume of concentrated 
NH4OH and a little NH4NO3J dry, ignite and weigh as 
Mg^P^Oj. This contains 0,279 of phosphorus. 

It is essential that the filtrate from the phosphorus pre- 
cipitate should give at once a strong reaction for magnesium 
when tested with a drop of a solution of sodium phosphate, 
as a considerable excess of reagent is necessary to com- 
pletely precipitate the phosphorus. 

Modification of the Process far Ores Containing Titanium. 
When ores coiitaiu titanium in any amount^ the residue will 
contain iron and phosphornSi The solution of the ore may become 
turbid on dilution^ and the residue run through the filter on wEBhing" 
Some of the titanium usually goes into solution and may delay 
the precipitation of phosphorus. In such cases a larger excess of 
molybdie acid solution should be used, and a longer time given for 
the separation of the precipitate. 

Weigh out the ore and dissolve it in HCl as in the regu- 
lar process- If the filtrate from the insoluble residue is not 
clear add a little HNO3 and warm, which will probably clear 
it. If a slight turbidity remains it isofno importance and may 
be neglected. Now proceed with the filtrate as in the regu- 
lar process. After the yellow precipitate has been dissolved 
in ammonia and the filter washed as directed, dry and burn 
the filter and add the ash to the insoluble residue. This is 
necessary, as insoluble compounds of phosphorus and titani- 
um may be retained in the filter. This residue is now 
taixed with eight times its weight of dry Na^COg and fused 
as for silica. Boil the fusion with water until thoroughly 
disintegrated. The phosphorus passes into solution as 
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phosphaUy while the TiOa remains insoluble as titanate. 
Filter the liquid from the insoluble matter, acidulate the 
filtrate with HNO31 and evaporate it to dryness. Add a little 
HNO3, then water and filter from the separated SiOa. 

Add to the filtrate 25 c.c. molybdic acid solution and 
warm, filter off the yellow precipitate and treat it exactly 
like that from the main solution. Add the phosphorus thus 
obtained to that obtained from the first solution. 

The foregoing treatment is satisfactory for ores with moderate 
amounts of TiOj. Wiiere mucli ia presenti direct fusion of the ore 
is advisable. 

See a valuable paper by Drown and Shinier ^ Trans* lust. Min, 
Engrs., voL X, p. 1S7. Also, Pattinson* Jour* 80c, Chem. Ind, 
1895, p. 443. Discussion, p. 1022. 



Wlien ores contain arsenic there is always danger that 
the final results will be high from the presence of magnesium 
arsenate. 

In this case proceed as follows. To the filtrate from tlie Insolu- 
ble residuei which should be in a small Erlenmeyer flask, add 
a solution of NaaCOa until the liquid becomes dark colored, then 
add gradually a solution of pure crystallized sodium sulphite 
(N'ajSOB) prepared hy dissolving the salt in water 1 to 5, and adding 
HCl until the solution reacts slightly acid. Warm the iron solution up 
to boiling^ shaking oecasionally. If any precipitate forms^ rediesolve 
it with a few drops of HCl. By this time the solution should be 
co^or^eaaand all the iron reduced to the ferrous state ; if not, continue 
the warmingi When reduced add 10 c.c. HCl, and boil until the odor 
of SO2 has gone (usually about three minutes). Remove from the 
flame and pass a stream of H^S gas through the liquid for fifteen or 
twenty minutes, or till all the As^Sg is precipitated. (The volume of 
the liquid should not exceed 150 c.c.) The As and any Cu present 
separate completely as Btdphides, Filter the solution rapidly into a 
beaker and wash with a little H3S water. Now boil the filtrate till 
all the odor of H^S has disappeared, then add HNOa drop by drop to 
the hot liquid until the change of color shows that the iron is changed 
to the ferric state. The liquid should become perfectly clear, A faint 
cloud of separated sulphur may form, but will disappear on 
heating and does no harm. From this point proceed exactly as with 
the filtrate from the insoluble residue in ores when As Is not 
present. 
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The process depends upon the complete precipitation of arsenic 
by H28 in hot strongly acid solutions. The reduction of the iron is 
necessary to prevent a large separation of sulphur from the action 
of the HjS on the FeClg. 

The AsjSg precipitate may be used for the determination of 
arsenic, provided the solution has not been boiled before 
precipitation by HgS, which would cause volatilization of AsClg, 
See Fresenius Quantative Analysis for details. 

DETERMINATION OF PHOSPHORUS IN BLACK BAND AND OTHER ORES 
WHICH CONTAIN MUCH CARBONACEOUS MATTER. 

These should be weighed out in a porcelain crucible and 
ignited, taking care not to heat so rapidly as to cause loss by 
blowing out of fine particles. Set the crucible on its side over a 
small flame and let the material gradually burn sway until all 
carbon is gone, and an "ash^' is left. Treat this by the regular pro- 
cess. Avoid a high temperature in burning or the material will 
cake, ^hus delaying the combustioni and leading to imperfect solution. 
A dull red heat is sufficient. 

DETERMINATION OF PHOSPHORUS IN MILL CINDER. 

Two points here need attention. Mrst, the material being a 
soluble silicate, it should be decomposed by weak acid and evapo- 
ated to dryness, as in the determination of silica after 
fusion. Second, all mill cinder contains particles of metallic iron, 
in which phosphorus is present as phosphide. These would evolve 
PHg gas when dissolved in HCl, so HNOg must be used to oxidize 
this phosphorus. Proceed as follows. Weigh 1 gram into a porce- 
lain dish, add 20 c.c. HNOg 1.2 sp. gr., stir well to prevent caking 
and warm till action ceases, then add 10 c.c. HjO and 10 c.c. con- 
centrated HCl. Evaporate to dryness and heat on an iron plate to 
200°C. for half an hour. Add 10 c.c. HCl, and digest till all the iron 
is dissolved. Dilute, filter, and proceed as with an ore. 

DETERMINATION OF PHOSPHORUS IN IRON AND STEEL BY 
THE MOLYBDATE-MAGNESIA PROCESS. 

The phosphorus in iron and steel exists principally as phos- 
phide. When these metals are treated with ordinary oxidizing sol- 
vents, such as dilute HNO3 or KClOg+HCl, the oxidation of the 
phosphorus is incomplete ; when treated with non-oxidizing acids 
(HCl orHaS04), part of the phosphorus passes off as gaseous PHg. 
Even concentrated HNOg fails to convert all the phos- 
phorus into tribasic phosphoric acid. 
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These metals also contain carbon compounds which pass into 
solution in HNO3, forming a dark colored substance, and the pres- 
ence of this dissolved carbonaceous matter is generally supposed to 
interfere with the precipitation of the yellow precipitate. It seems 
probable, however, from certain experiments that, if the phos- 
phoric acid is in the tribasic state, this organic matter is without 
influence. It is certain, however, that unless the oxidizing action is 
strong enough to destroy this carbonaceous matter completely, 
the phosphorus is not all oxidized and hence not precipitated 
completely. 

The oldest and most certain method of oxidation is the '* dry 
method." It consists in dissolving the metal in HNOg either concen- 
trated or dilute, (sp. gr. 1.2) and then evaporating the solution to 
dryness. The dry mass of basic ferric nitrate is then heated to 
about 200° C. for some time. At this temperature the salts are de- 
composed, the iron largely converted to ferric oxide, and the dis- 
solved carbon and the phosphorus completely oxidized. This residue 
can then be dissolved in HCl and treated like an ore. The method 
is always reliable and involves no delicate adjustments. 

To save the time required for evaporating the solution and 
baking the residue, several methods have been devised for oxidiz- 
ing the material in the nitric acid solution. The reagents most suc- 
cessfully used are potassium permanganate and chromic acid. 
Aqua regia, potassium chlorate or chlorine fail to oxidize the 
material completely. '^ 

When permanganate is used there is a separation of MnCj, 
as a brown precipitate which holds phosphorus and must be entirely 
redissolved before filtering from the residue or precipitating the 
phosphorus. This is accomplished by adding a reducing agent, such 
as oxalic acid, ferrous sulphate, sugar, or potassium nitrite, to the acid 
liquid. Any considerable excess should be avoided. TheMnOzis 
reduced to MnO and dissolved in the acid. 

Wet methods are more rapid but are not adapted to all kinds of 
material and must only be used where they have been shown to 
apply by repeated checking of the results with the standard 
methods. 

When pig iron or steel, containing silicon, is dissolved in HNOs, 
evaporated and "baked," the HCl solution of the residue will 
be found to filter very slowly because silicic acid in HNOg solution 
is not fully dehydrated on evaporation even if the residue is heated 
to 200° C. Hence when the residue is treated with HCl some of the 
SiO, goes into the solution and leaves the rest in a highly gelatin- 
ous form. 
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The BiOj left after the evaporation of an HCl solatlon is much 
more granular and easily filtered off. Therefore, in all cases where 
silicon is present to any extent the HCl solution of the '"baked" 
residue should be evaporated to hard dryness and again taken up in 
HCL This second evaporation takes but little time and is essential, 
especially with cast iron^ if a long and tedious filtration is to be 
avoided. 

It is stated that the addition of a few drops of HFl or a little 
NH4FI to the first HCl solution will cause it to filter more rap- 
idly and often render the second evaporation unneoeesary. 

Process for Phospkortts in Iron and SteeL — Take from 1 
to 5 grams of the well mixed borings. Treat them in a 
covered casserole or dish with 25 to 75 c,c. of HNO3 sp« gr. 
1,2 (made by mixing water and concentrated HNO3 in equal 
volumes). Add the acid cautiously to prevent boiling over. 
Heat till action has ceased and boil down to dryness^ using 
care to prevent spattering, and keeping the dish covered. 
When dry, set on a hot iron plate and heat the dish to about 
200°C. for from 30 minutes to 1 hour; at the end of this time 
the material should be hard and scaly and show no trace of acid 
fumes. Now add from 15 to 25 c.c. concentrated HCl, and di- 
gest till the iron is dissolved* Again evaporate to hard dryness 
and dissolve a second time in concentrated HCl, then pro- 
ceed as with an iron ore, 

Many steels will leave no residue insoluble in HCL In 
this case filtration as well as the second evaporation is un- 
necessary. 

The phosphorus retained in the residue, practically 
amounts to nothing in the case of irons and steels. 

To make the filtration easy» add to the above HCl solution about 
SO o.e. water and boll for about 5 minutes. Thon let it settle com- 
pletely, decant off the clear liquid through the filter ^ and transfer 
and wash the residue with warm water^ adding a little HCl at first* 
This treatment seems to cause a consolidation of the BiO^. 

PROCESS FOR FERROSIMCON AND OTHER DIFFICULTLY 

SOLUBLE ALLOYS, 
Ferrosilicon with over 10^ of SI is only slightly attacked by 
HNOa or aqua regia. This and other ineolnblo alloys cannot be 
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treated by the foregoing method for the de terming ti on of phos- 
phorus. With ferrosilicoo, if the percentage of 6i is not too high, the 
addition of a little HFl or NaFl to the HKO, and metal in the dish 
will cause it to dissolve and then the regular method can be fol- 
lowed. About as much NaFl should be added as there is Si present. 
The metal should be very finely pulverized; this presents no diffi- 
culty as these aDoys are all brittle. The metal should be crushed 
in a steel mortar until it will aU go through a 100 mesh sieve and 
then the portion used in the analysis rubbed down in an agate 
mortar. 

Samples not attacked by the fiuoride must be fused. Mix the 
very finely ground sample with five or six times its weight of a 
fusion mixture of equal parts of NaNO^ and NajCO» and fuse in a 
platinum crucible* Apply the heat cautiously until the first reaction 
is over and the mass is quiet, then raise the temperature till fusion 
is complete. Avoid using a higher temperature than is necessary as 
the platinum is likely to be attacked. The fusion can then be taken 
up in water and HCl and the phosphorus determined as usual. 

HCl must not be added in the crucible or CI may be formed and 
attack it, but after the mass has been soaked out with water any ad- 
hering FcjOj may be dissolved in a little HCL 

Instead t*f dissolving the whole fusion in HCl, it may be boiled 
with water, the lumps being crushed fine, and the solution then fll, 
tered from the FejO, and acidified; the filtrate will contain all the 
phosphorus as sodium phosphate with some SiO,. The residue 
should be tested however in Important cases. A blank must be run 
on the reagents i 

Sodium peroxide is same times osed instead of the nitrate* It 
works rapidly and is a powerful oxidizing afirent, but is not so easy 
to obtain pure. It acts at so low a temperature that nickel crucibles 
can be used in the fusions and the wear on the platinum saved. These 
fusions are very destructive to platinum, which should not be used 
when the metal is fused with Na^Og alone. 

In fusing ferrosilicon with sodium peroxide alone a large ex- 
cess of the reagent must be used or the reaction becomes very vio- 
lent; at least eight parts of peroxide to one of metal are required. 
The temperature of fusion need not exceed a dull red. 

Btalr.— Chemical Analysis of Iron, Ith Ed. p, lOfi. 

DETERMINATION OF THE PHOSPHORUS BY WEIGHING THE 
YELLOW PRECIPITATE. 
This method is very generally used as a ** rapid method,^' 
That the yeUow precipitate obtained may be of uniform compo* 
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sition, the details of the process must be carried out exactly as 
given. 

As the yellow precipitate contains 1.63^ of phosphorus it is con- 
venient to take for analysis that quantity of the material in grams. 
The weight of the precipitate in grams will then be the percent- 
age of phosphorus. 

The drying and.weighing of over 0.4 gram, of yellow precipitate 
is difficult, hence for ores having over ^<fo of phosphorus, take } the 
above amount (0.816 gram.). 

The following details are essentially those given by E. F. Wood 
in Zeits. Anal. Chem., vol 26, p. 489: 

Process for Iron Ores. — Weigh 1.63 grams of the finely 
pulverized ore into a 4-inch dish or casserole, add 25 c.c. con- 
centrated HCl, digest, evaporate to dryness, and heat as 
in the former process. Now add 20 c.c. HCl, and digest till 
all the iron is dissolved. Add 30 c.c. water, boil, let settle and 
filter into a beaker of about 200 c.c. capacity; wash with 
small portions of water, letting each run through before ad- 
ding the next. The volume of filtrate and washings need 
not exceed 70 or 80 c.c. Now add 35 c.c. concentrated 
HNO3, and boil down rapidly until the volume of the 
liquid is 15 c.c. (judged by putting this amount of water in a 
similar beaker and comparing the two). Take off of the 
hot plate, wash off the cover and add water. Altogether ' 
from 15 to 20 c.c. of water should be added; that is, at least 
as much water as there was liquid. Stir the solution and 
add from a pipette 40 c.c. of molybdic acid solution which 
should be at a temperature of not less than 25°C so that the 
mixed solution shall be at a temperature of not less than 
40°C. Stir vigorously for 2 or 3 minutes, set in a warm 
place (not on a hot plate or water bath, which may cause 
precipitation of molybdic acid) until the precipitate has set- 
tled and the liquid is perfectly clear — this will take 30 
minutes to an hour according to circumstances. 

Fold a small filter of about 4 cm. diameter, put it iu an 
air bath and dry it at 110° C. for 15 minutes. Then take it 
rapidly to the balance and weigh it to the nearest milligram. 
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Do not swing the balance but simply weigh to a stand 
still. 

Place the paper in a small funnel, filter and transfer 
the precipitate to it. Considerable time may be saved if the 
clear liquid is first drawn oflF by a small siphon or with a pi- 
pette ; this can be done with a little practice, so as to leave 
but a few c.c. of liquid above the precipitate. If care is 
taken not to disturb the precipitate only the remain- 
ing liquid need be filtered, and the filtering of 30 or 40 c.c. 
of liquid is avoided. 

Wash the precipitate carefully six times at least, with 
water containing 1 per cent, of HNO3, set the funnel and 
contents in an air bath and dry at 110° to 120°C for 30 min- 
utes after all visible moisture has disappeared. Then rap- 
idly take the filter to the balance and weigh as before. The 
difference between the second weight and the first gives the 
weight of the yellow precipitate, and this in grams gives the 
phosphorus in per cent. 

Process for Iron and Steel. — Weigh 1. 63 grams of 
the well mixed borings into a four inch covered dish or 
casserole. Add cautiously 35c.c. HNOs sp. gr. 1.2, boil 
to dryness, then bake for thirty minutes on a hot iron plate 
at 200° C. Dissolve in 20 c.c. HCl and if silicon is^present 
again evaporate to dryness and dissolve a second time. 
Now proceed as in the case of ores, except that if the steel 
dissolves without residue filtration is unnecessary. 

The above methods assume that the phosphorus all passes into 
solution and that arsenic is absent. Titaniferous and arsenical ores 
and metals must be treated by the first method. 

The yellow precipitate method, as described, may be much 
shortened for steel and some pig irons by using wet methods of 
oxidation. For the use of permanganate see Volumetric Method 
for Phosphorus on page 59. 

The Chromic Acid Method as used at Homestead, Pa., 
and described by Mr. Unger, is essentially as follows. 
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Dissolve IM grams of steel in SO c*c* of nitric acid^ sp, gr* 
1.20 in a 175 e.c. Erlenmeyer flask* Place the flask over a burner 
and evaporate to 15 c,c. Add to the bailing solution 20 c.c, of a 
solution of 30 grama of CrOg in 2000 c.c. of HNOa sp. gr, 1.42, 
Dissolve the chromic acid by heating. This solution will only keep 
about two weeks. 

Evaporate the contents of the flask to 18 e.e, wash down with 
6-7 c.c. of water, cool to 40^-45'' c-c* and add 30 c-c. of clear molyhdle 
acid solution which should be previously heated to about 40°C. 
Cork the flask and shake 5 minutes as in the Emmerton process^ 
Let settle flfteen tninuteSf Alter, wash and weigh as in the original 
process. 

When using this process silicon should be practically absent. 



VOLUMETRIC METHODS FOR PHOSPHORUS. 

These are based on the precipitation of the phosphorus 
as phosphomolybdate and deterrai nation of the amount of 
the precipitate by estimating the molybdic acid contained 
in it volumetricallyj either by reduction with zinc and titra- 
tion with potassium permanganate or by neutralizing it with 
standard alkali. 

EMMERTON'S METHOD. TITRATION BY PERMANGANATE. 

When the yellow precipitaM is dissolved in NH^OH and mixed 
with a very considerable excess of HsBO^ it all remains in solution. 
If this solution la warmed with metallic aiiic, zinc dissolves^ hydro- 
gen is given off, and the molybdic acid is rapidlj reduced, giving 
first a dark red and flnally a green solution containing, if the re- 
duction is complete, MoaO,. If this solution is rapidly filtered 
from any undissolved zinc, it can be titrated with a solution of 
potassium, pennanganate which promptly oxidizes the Mo,Oa back 
to MoO,. The solution becomes colorless and finally when oxi- 
dation is complete is colored pink by the least excess of per- 
manganate. 

The color of the reduced solution depends somewhat upon the 
excess of sulphuric acid present. If this is too large the green 
color will not be reached and the end of the reduction cannot be 
determined. The smaller the excess of H1BO4 the sharper is the 
change from red to green at the end. 

Complete reduction Is a matter of considerable difflculty and 
the methods in use do not always attain it. This has giyen rise 
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to the assigniug of various formuljie to the reduced product. Em- 
merton gives Mo^jOj,, wtiich probably most nearly represents 
the usual product of the reduction method he describes. The Re- 
ductor gives ratios between the Mo and the O which vary with the 
the method of using it. Blair and Whitfield give for the Reductor 
product M0S4O35, 

Eminerton. Trans. Am. Inst- AOdh Eogs, vol. XV* p. &3, 
Dudley and Pease. Jour. Am, Chcm. Sdc. IBfii. p. 224. 
W. A. Noyci, Jour. Am. Chem. Soc, 1891- p. 663. 
W. A. Noyes. Jour. Am. ChciR. Soc- 1896. p. I2fl, 
Blair and WbilfieJd. Jour Am. Chem. Soc. 1S9G. p. 747. 
Aucby. Jour. Am. Chcm. Soc. lB9fl. p, 9&5. 

This uncertainty as to the reduction product makes the standard 
permanganate solution of uncertain value in phosphorus if stand- 
ardized against metallie iron only; hence it is better to cheek it 
against a standard steel, ore or pig ironi of known phosphorus 
content which should be treated exactly by the method used in the 
regular analysis. 

The widely extended use of this method shows, however, 
though there is some uncertainty as to the nature of the oxide 
produced by reduction, this possibly being different for different 
workers, that working always in exactly the same way, the reduc- 
tion is uniform, and hence the titration is a reliable method for 
estimating the yeJlow precipitate, and indirectly the amount of 
phosphorus. 

PROCESS* 

1. — Preparation of the Solution of Poiasstum Permanga- 
nate. To compute the strength of this solution assume that 
the reduction of the ** yellow precipitate" gives MoigOij,. 
Then the permanganate solution must furnish 17 atoms 
of oxygen for each 12 of M0O3 present before reduction. 
The yellow precipitate contains 24 M0O3 to 1 of P20@ or 
12 of M0O3 to 1 of P; hence the permanganate must fur- 
nish 17 atoms of oxygen for every atom of phosphorus 
present in the precipitate. 

To standardize the permanganate solution on iron. 

Two atoms of iron, as FeO, require one atom of oxygen 
to produce Fe^Og ; hence, 34 atoms (=2X17) of iron as 
ferrous salt will consume as much oxygen from per manga* 



66 Notes on Metallurgical Analysis. 

nate as will the reduced molybdic acid, equivalent to one 
atom of P in the yellow precipitate. 

One atom of phosphorus = 31, and 34 atoms of iron = 
1904, hence 31 : 1904 = 1 : 61.41; that is. ^^^ of the amount 
of iron to which the permanganate solution is equivalent 
will be the amount of phosphorus to which it is equivalent 
when titrating yellow precipitate as above, or 61^^^^ times 
phosphorus = iron. 

Two molecules of KMn04 furnish five atoms of free 
oxygen on reduction ; hence, to furnish 17 atoms of oxygen 
as above 6J molecules of permanganate are required which 
will be the amount equivalent to one atom of phosphorus 
in the above process. 

It is convenient to make the permanganate solution of 
such a strength that 1 c.c. equals 0.01 percent, of phos- 
phorus when 1 gram of steel is taken for analysis. 

1 c.c. of such a solution must be equivalent to .0001 
gram of phosphorus or 1 litre to 0.1 gram. 

By the above determined ratios, 6f molecules of per- 
manganate (= 158 X 6f ) : 1. atom of P ( = 31) : : 3.46 grams : 
0.1 gram. 

Therefore to make the above solution dissolve 3.46 grams 
of pure crystallized potassium permanganate in 1 litre of 
water. Allow the solution to stand some time before using. 

Finally determine its value exactly, first against pure 
ammonium ferrous sulphate, and second, against a sample 
of steel in which the amount of phosphorus has been exactly 
and repeatedly determined by the magnesia process. 

To standardize against the iron salt dissolve 0.8597 
grams of the Fe (NH4)2(S04)26 H2O in 200 c.c. of water 
containing a little H2SO4 ; add the permanganate solution 
from a burette until the last drop gives a permanent pink 
tint and then take the reading. 

This amount of the iron salt contains 0.12282 gram of 
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iron, which will reduce as much permanganate as would 
be equivalent to ,002 gram phosphorus; therefore 20 c.c. of 
the solution should be required. If more or less is taken, 
calculate the amount of phosphorus to which 1 c,c. is equiv- 
alent by the proportion n : 20 = .000i : x^n being the amount 
used and ^ the value sought. 

The determination of the value against a known steel 
is desirable, as it gives a result which is independent of all 
assumptions as to the nature of the oxide produced by the 
zinc reduction. The permanganate solution should be care- 
fully protected from dust and other organic matter and only 
used in burettes with glass stopcocks. 

Treatment of the Samples of Iron or Steel. Weigh five 
grams of steel or one to five grams of iron, according to the 
percentage of phosphorus, into a 4-in, dish or casserole, and 
add 25 to 75 c.c. of HNO3 sp, gr. 1.2. Add the acid cautious- 
ly to avoid boiling over. After action has ceased, cover 
and boil down to dryness, then bake on a hot plate 30 min- 
utes and add 20 to 40 ex. concentrated HCI. Heat till all 
the iron oxide is dissolved. 

If the metal contains much more than a trace of silicon, 
evaporate the solution to dryness and dissolve again in the 
same amount of HCI. Finally, boil down to 15 c.c*, being 
careful to avoid the formation of any dry crusts on the sides 
of the dish. This is accomplished by keeping the dish well 
covered and shaking it around a little. 

Now add 20 to 40 c.c. concentrated HNOai washing oflF 
the cover into the dish with it. Boil down again to 10 or 
15c. c. It is essential that no dry iron salt form on the sides. 
This is easily avoided by covering with an inverted watch 
glass a little smaller than the dish, so that the condensed 
acid will flow down the sides and keep them clean. Cool 
slightly, moving the liquid around so as to dissolve any 
crusts of ferric nitrate formed. Now add 30 to 50 c. c. of 
water and filter into a 400 c.c, Erlenmeyer flask. The vol- 
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ume should be about 75-100 c,c. Steels do i 

tratiou as a rule, for they leave go residue if low in 

silicon. 

Now add NH4OH until the ferric hydroxide separates and 
the mass becomes thick and smells of ammonia. Then add 
strong HNO3 gradually until the precipitate redissolves and 
the liquid has a clear, amber color, not the least red* The 
volume should now be about 250 c.c. ; if not, dilute to that 
amount. Then put a thermometer in the liquid and bring the 
temperature to %h^ C. Now add at once 40 ex. of molybdic 
acid solution. Close the flask with a rubber stopper, wrap 
it in a thick cloth and shake violently for five minutes. 

This violent agitation, combined with the high temper- 
aturCj causes the yellow precipitate to separate promptly and 
in a particularly dense and easily filtered form. 

Finally let settle for a few moments, then uncork the 
flask and filter off the solution, using a 9 cm. filter. Wash 
flask and precipitate thoronghly with water containing 1 
per cent of H2SO4 and 2 per cent, of (NH4)*S04. Now set 
the funnel in the flask and dissolve the precipitate back into 
it with dilute ammonia (1:4) using altogether 30 c.c. 
To save time some chemists puncture the filter and wash the 
precipitate through with water. Wash the filter, using as 
little water as possible. 

Finally wash the filter again with ammonia then with 
water. Now add 80 c.c. of dilute H2SO4 (one volume to four 
of water) to the filtrate and then ten grams of pulverized 
zinc. 

The zinc should be fine enough to pass a 20-meBh sieve and 
must be as free as possible from iron. The very pure ziac now furn- 
ished for this process will sometimes act very slowly. To make It 
act promptly it should first be platinized as follows : 

Treat a quantity of the zinc with water, slightly acidulated 
with HaS04 and containing a few drops of a solution of PtCl4. After 
the reaction has proceeded a few minutes, pour off the liquid and 
wash the zinc thoroughly with water ; dry it and preserve it in a 
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glass stoppered bottle^ The Biimost mfiniteslmal trace of p latin um 
precipitated on the zinc by this treatment causes the evolution 
of hydrogen to be rapid and i>owerfully reducing^ on the MoOa. 

Now warm till rapid eflFervescence ensues and heat 
gently ie7t minutes. At the end of this time reduction will be 
complete. Meanwhile fold a 12 cm, filter in *' ribs ;" put it 
in a funnel, and as soon as the reduction of the MoO^ is com- 
plete pour the liquid off from the residue of the zinc into 
the filter, collecting the filtrate in a white dish. Rinse the 
flask and zinc once with water and pour this on the filter after 
the solution has run through* Then fill the filter with water 
and let it run through* Thin filter paper must be used 
so that the whole operation of filtration and washing the 
zinc shall occupy but three or four minutes. 

Instead of filter paper absorbent cotton may be used, a small 
plug being" placed loosely in the neck of the funnel. This should he 
moiBtened and the solution poured directly on to it* This will filter 
very rapidly and satisfEictorily. 

Now run the permanganate into the dark colored filtrate 
till the color is discharged j and the last drop gives a faint 
pink tints marking the end of the reaction. 

There is always some impurity in the zinc, hence it is 
essential, to make a blank iest^ using the 30c*c. of NH4OH, 
the 10 grams of zinc and 80 c.c. of sulphuric acid as before, 
but omitting the yellow precipitate. The filtrate in this 
test will always consume a small amount of permanganate, 
which must be determined, and deducted from the amount 
taken in the regular determination, the diflference being 
the permanganate solution equivalent to the yellow pre- 
cipitate. 

The number of cubic centimeters of permanganate solu- 
tion used, after correction for error of standard, divided by 
the number of grams of metal taken will give the amount of 
phosphorus in hundredths of one per cent. 

In working this process it is important to check it from time to 
time upou material sfmLlar to that to be analyzed^ and in which the 
phosphorus has been determined gravimetrically. 
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THE EMMERTON METHOD WITH WET OXIDATION. 

By substituting wet methods of oxidation for the baking in the 
regular process and using the reductor for reducing the molybdic acid, 
the Emmerton method becomes extremely rapid. It then depends 
upon such nice adjustment of conditions, however, that it should be 
especially tested for any variation in the material treated. The 
permanganate in these processes should be standardized against 
a steel of approximately the same phosphorus content as that to 
be analyzed. This is desirable not only on account of the uncer- 
tainty in the reduction product but also on account of the fact that 
the completeness of precipitation of the phosphorus by the molybdic 
acid solution depends somewhat on the treatment and also upon 
the percentage of phosphorus in the steel. For example, if a steel 
containing only .04 per cent of phosphorus were used to standardize 
the permanganate and the method of precipitation left .001 
per cent of phosphorus in the solution it is obvious that while the 
permanganate so standardized would give satisfactory results on 
another steel of about the same phosphorus content it would give 
entirely false results on a steel containing several times as much 
phosphorus, as the ratio between the phosphorus remaining in 
solution and that precipitated would be entirely different. Any 
change in the routine of the precipitation of the phosphorus will 
also obviously require a restandardization of the permanganate. 

By using nitric acid of sp. gr. 1.13 as a solvent the separation 
of SiO, is prevented and filtration is rendered unnecessary. 



PROCESS FOR STEELS. 

Dissolve 2 grams of the well mixed drillings placed in 
a 300 c.c. Erlenmeyer flask in 70 cc. of HNO3 sp. gr. 
1,13 (made by mixing 4 parts of concentrated HNOg and 9 
parts of water). Heat to boiling to expel most of the nitric 
oxide, then add in two or three portions 8 to 10 c.c. of a solu- 
tion of KMn04, 12 grams to the litre. Boil till the pink color 
disappears then add a solution of FeS04 ^^op by drop till 
the brown precipitate of Mn02 is redissolved and the so- 
lution becomes clear. 

Add NH4OH to neutralize the greater part of the free 
HNOg which will be the case when the atnbet color disap- 
pears and the solution grows red, then add sufficient MNO3 
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to bring back the amber color. Dilute to 150 c.c, heat to 
80°C. and add 50 c.c. of molybdic acid solution. Agitate for 
five minutes by shaking or by blowing a current of air 
through the. solution. Allow to stand for two or three 
minutes or longer if necessary to settle the precipitate, 
and filter, washing the precipitate well with 2 per cent. 
H2SO4. Set the funnel in the flask in which the precipi- 
tation was made and dissolve the precipitate on the filter 
in NH4OH (1:4) using altogether 20 c.c; then wash the 
filter well with water. Add 50 c.c. of H2SO4 (1:4), dilute 
to 150-200 c.c. and reduce either by adding 10 grams of 
pulverized zinc and heating for ten minutes as in the Em- 
merton method, or by passing the dilute solution (200 c.c.) 
through the zinc reductor as described in the iron assay. 

Titrate the reduced solution with KMn04 till a faint 
pink remains, not disappearing within a minute. Calculate 
the percentage of phosphorus from the strength of the 
KMn04 solution and the number of c.c. used. 

The ferrous sulphate must be free from phosphorus. Pure 
sodium nitrite or a little sugar may be used instead of ferrous sul- 
phate. These reagents are more easily obtained free from phos- 
phorus. 

After having made a few analyses and having determined the 
proper amount of NH4OH necessary to add in neutralizing the 
excess of HNOg, time may be saved by adding this amount at once, 
and avoiding the working back with HNOg. The solution is then 
shaken till the precipitate redissolves, diluted to 160 c.c, cooled 
or warmed to 80° and the phosphorus precipitated by molybdic acid 
solution. 

This addition of the proper amount of NH4OH is not only 
quicker but gives more satisfactory results than by determining 
the proper acidity of the solution each time by the depth of the 
amber color, since this color varies with the sample of steel, the 
amount of sample taken, and the volume and temperature of the 
solution. 

The yellow precipitate must be washed free from iron salts 
or the results will be incorrect, since the iron if washed into the 
flask with the precipitate, will dissolve in the acid and be reduced 
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by the zinc, finally consuming KMnO^ and causing the results 
to be high. 

Run blanks on the zinc or on the reductor and correct the 
amount of permanganate used accordingly. Use the same care to 
filter rapidly and in washing as in the regular Emmerton process. 

In using the reductor remember to keep the zinc covered with 
the liquid during the process and to follow the solution with 100 c,c. 
of 5 per cent. H,S04 then with 150 c.c. of water. Apply such suc- 
tion as to cause the liquid to run through in from two to three 
minutes, not more rapidly, or reduction may be incomplete. 

Beferences on Bapid Phosphorus Methods : 

Drown. Trans. Inst. Min. Engrs., vol. XVIII, p. 90— uses permanganate and HNO, of 
sp. gr., 1.135 which dissolves silica. Does not evaporate to dryness. 

Shimer. Trans. Inst. Min. Engrs., vol. XVII, p. 100 — uses permanganate with sulphuric 
acid. Evaporating until the HNO, is expelled. 

Clemens Jones. Trans. Inst. Min, Engrs., vol. XVIII, p. 705— uses the method of Drown, 
but slightly modified, also washes the yellow precipitate with (NH4), SO4 solution to avoid 
the presence of nitrates. 

Babbitt. Jour. An. and App. Chem., vol. VII, p. 166 — advocates the temperature of 25**C 
instead of SS**, to prevent the precipitation of arsenic. 

Clemens Jones. Jour.Trans. Inst. Min. Engs.. vol. 17, p. 411 — performs the reduction of 
the M0O3 by filtration through zinc. 

Dudley and Pease. Jour. Am. Chem. Soc, 1898, p. 519. Standard Methods for Phos- 
phorus on P. R. R. 

Doolittle. Jour. Am. Chem. Soc, 1894, p. 284. Discussion of Dudley's paper. 

Mahan. Jour. Am. Chem. Soc, 1898, pp. 429 and 792. 

SpuUer. Zeits. Anal. Chem., vol. 82, p. 538. 

See also Methods for the Analysis of Ores, Pig Irons and Steel, Pittsburg, Pa., edited 
by Phillips, 2d edition. 

Titration Process for Ores.— These should be dissolved in HCl. 
Care must be taken to destroy all organic matter, as this may ad- 
here to the yellow precipitate and cause reduction of the perman- 
ganate. 

Evaporate the HCl solution with HNOg, bake and then follow 
Emmerton. The writer's experience has been that, while good re- 
sults were obtained with many ores, with some the process seemed 
to fail. 

In low phosphorus ores the traces of phosphorus left in the 
insoluble residue become important and it must be fused with Na^COg . 
Disintegrate the **melt" in water, acidify with HCl, boil, precipi- 
tate with NH4OH, wash twice by decantation ; redissolve the pre- 
cipitate in HCl and add it to the original ore solution, then proceed 
as usual. 

TITRATION OF THE " YELLOW PRECIPITATE " WITH 
STANDARD ALKALI. 

This method of determining the MoOg in the yellow precipi- 
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tate avoids the reduction and the consequent uncertainty as to the 
oxide produced. It has grown rapidly in favor since its intro- 
duction. 

The reaction may be written as follows : 

12 Mo03,( NH^ jsPO^ + 23NaOH = 11 Na.MoO^ -f ( NHj^MoO^ 
+Na (NHjHPO^-fll H,0. 

Hundeshagen having shown that ^ molecules of NaOH are re- 
quired to neutralize 1 molecule of yellow precipitate. This gives a 
ratio of 1 atom of phosphorus to 23 molecules of NaOH or by weight 
31 of P to 921.15 of NaOH, or 1 : 29.71. The alkali solution must be 
free from carbonate which would interfere with the end reaction. 
The best indicator is a dilute alcoholic solution of phenolphthalein. 
The alkali solution should be standardized on pure yellow precipi- 
tate carefully dried to constant weight at 160° C. As this substance 
is rather hygroscopic, it should be redried every time it is used. 

To prepare the yellow precipitate for standardizing, precipitate 
a dilute solution of NasHP04 by an excess of molybdic acid solu- 
tion, first acidifying the phosphate solution with HNOg. Wash 
the precipitate carefully with water and dry it as directed. Deter- 
mine the phosphorus in a portion of it gravimetrically. It should 
contain 1.63 percent, of phosphorus. 

PREPARATION OF THE SOLUTIONS. 

Standard Sodium Hydroxide and Standard Nitric Acid, 

One-tenth normal solutions may be used. In this case 1 c.c. 
NaOH is equal to .00013 gram phosphorus. 

It is more convenient to have a solution of such a strength that 
1 c.c. equals .0002 phosphorus; then if 2 grams of steel are taken for 
the analysis, each c.c. of soda solution will be equivalent to .01 
per cent, of phosphorus. To make such a solution, proceed as 
follows : 

Dissolve 15.4 grams of NaOH as free as possible from 
NaaCOg in about 200 c.c. of water. Now add a saturated 
solution of Ba (OH) 2 as long as a precipitate forms. Filter 
at once from the BaCOg and dilute to 2 litres. This solu- 
tion will be a little too strong. Now prepare an approxi- 
mate HNO3 solution by diluting 20 c.c. of concentrated 
HNOg to 2 litres. Fill a burette with this acid and titrate 
it carefully against 10 c.c. of the NaOH solution. Next 
weigh 0.1226 gram of dry yellow precipitate (equals .002 of 
P) into a beaker; add 50 c.c. of water and 10 c.c. of the 
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NaOH solution which should dissolve the precipitate to a 
perfectly clear solution. Now add three drops of phenolphtha- 
lein solution and titrate with the acid till the color vanishes. 
The diflFerence between the acid required for the NaOH and 
that required in the second case is the number of c.c. of the 
HNO3 equivalent to .002 phosphorus. Now add sufficient 
water to the dilute nitric acid to make 10 c.c. exactly equal 
to .002 phosphorus. Repeat the test with the yellow pre- 
cipitate and soda solution, using double the amount of yel- 
low precipitate and 30 c.c. of soda. If the nitric acid is not 
exactly right, correct it by further dilution and repeat the 
test. Finally dilute the soda solution until it is exactly 
equivalent volume for volume to the nitric acid. 

The nitric acid, if preserved in a tightly stoppered bottle, 
keeps its standard indefinitely, but the soda solution will 
slowly change on account of absorption of CO2 by the slight 
excess of Ba (OH) 2 present and must beretested against the 
acid frequently. 

In standarizing the acid and alkali, instead of taking yellow 
precipitate directly a sample of steel of known phosphorus content 
may be weighed out and treated as in the regular process. It is well 
to finally check the solution in this way in all cases. 

Phenolphthalein Solution, — Dissolve .2 gram of the indi- 
cator in 200 c.c. of 95 per cent, alcohol. 

PROCESS FOR STEEL. 

Weigh out 2 grams of the well mixed drillings into a 
400 c.c. Erlenmeyer flask. Add 70 c.c. HNO3 sp. gr. 1.13. 
Heat till the metal is dissolved then add to the boiling solu- 
tion 7-8 c.c. of a solution of KMn04, 12 grams to the litre. 
Boil till the pink color disappears and a precipitate of Mn02 
forms. Then add a little pure ferrous sulphate, sodium 
nitrite or tartaric acid, and heat till the solution clears. Re- 
move from the lamp, add NH4OH until the amber color of 
the solution darkens distinctly and takes a reddish tint. 
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Then add enough HNOg to restore the amber color to the 
solution. Dilute to 150 c.c, and cool or warm to 80° C. Add 
SOc.c. of molybdate solution and shake five minutes. Filter, 
and wash the flask and the precipitate five to ten times with 
a neutral solution of KNO3, 5 grams to the litre. Put the 
filter containing the precipitate back into the flask in which 
the precipitation was made, and add to the flask and its 
contents a measured quantity, usually 10 or 20 c.c, of stand- 
ard NaOH. Dilute to 50 c.c, add 2 drops of phenolph- 
thalein ; shake to disintegrate the filter and dissolve the 
precipitate, and then titrate the -excess of alkali with stand- 
ard acid. The difference between the number of cc of 
nitric acid equivalent to the soda solution used and that 
required in the titration will be the nitric acid equivalent to 
the phosphorus; and if the nitric acid is of correct strength 
each cc will represent .01 percent, of phosphorus. 

The process may be somewhat shortened, as noted before in 
the Emmerton process, by determining the amount of NH4OH 
required to neutralize the excess of acid and adding it at once, thus 
avoiding the reacidifying with HNOg. This amount can be easily 
ascertained after a few trials, noting the amount of NH4OH used, 
the amount of HNOg required to bring it back, and then determining 
by trial how much NH4OH is needed to neutralize the amount of acid 
80 used and deducting it from what was originally added. 

In dissolving yellow precipitate by standard alkali always keep 
the liquid cool and the solutions dilute as ammonia is set free in 
the reaction and is liable to be lost by volatilization if the liquid is 
concentrated. This would cause error in the nitric acid titration. 

References on the Titration Method : 

Jour. An. and App. Chem., vol. VI, p. 82. 
Jour. An. and App. Chem., vol. Vt, p. 204. 
Jour. An. and App. Chem., vol. VI, p. 242. 
Zeits. Anal. Chem., vol. XXVIII, p. 171. 

Determination of Phosphorus by Measuring the Volume of the Yellow 
J^-edpitate.— 'This method is occasionally used for furnace control in 
steel plants. It requires a special centrifugal machine and gradu- 
ated bulbs with small collecting tubes for the precipitate. A de- 
scription will be found in the Journal of Analytical and Applied 
Chemistry, volume IV, page 13. 
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With practice it is possible to estimate small percentages of 
phosphorus in steel by Judging the amount of the yellow precipitate 
as it collects on the bottom of the ordinary precipitation flask. 
Such estimation will usually serve the same end as is accomplished 
by the centrifugal apparatus. 



THE DETERMINATION OF SIUCON IN IRON. 

Tlie metBls In which Bilicon has most frequently to be cieter- 
mined are pig iron, containing from one-half to four or five per 
cent., '^ferrosilicon/' containing np to 30 per cent.^ steel with 
from traces to one per cent,, and wrought Iron with sniall frac- 
tions of one per cent. 

In ail these the silicon is combined as Si^ not as SiOj^^ though 
there may be a little SiOa included as intermixed slag, especially in 
wrought iron. 

All of these metals are soluble in HNO3, sp. gr, 1.2» except ferro 
silicon, the Si being oxidized to SiOg, which passes wholly or in 
part into solution. Evaporation of the HNO3 solution to dryness, 
baking and re-solution in HCl only partially renders this SiOg 
insoluble* a temperature of 2oO°C* not causing all the SiOg to 
separate. 

To accomplish the complete separation of the SiOg by this 
means it is necessary to evaporate to dryness, bake as in the phos- 
phorus determination, dissolve in HClj nnd a gfiin evaporate to com^ 
plete drijness^ expelling all the HCL On taking up again rn HCl all 
of the 8iOa is left insoluble. After dilution the solution may be 
filtered from the residue of BiOg + C^ which after thorough washing, 
first with HCl and then with water, may be ignited till the carbon 
is burned off, and weighed. 

The SiOg thus obtained is never pure, and must be treated by 
H3SO.1 and HFl, or must be fused and the SiOo separated from 
the fusion. (Bee analysis of liraestonesO 

Hydrochloric acid or aqua regia may be used to dissolve the 
metal instead of HNO3, but they do not attack ordinary iron so 
rapidly. Finally, solution in HaS04 and evaporation till fumes of 
HaSO^ are given oif will cause a complete separation of the SiOs» 

For details of these various methods sec — 

Blair, Chemical Analysis of Iron, nitric add melhod. 

Troilius^ Notes on the Chemistry of Iron^ p. 35, siilpliuric acid method. 

Also Trans. Inst, Mining Engineer!^, vol. X, p. 162 et seq and IST et seq. 

When a nitric or hydrochloric acid solution containing silica is 
evaporated with HaSO^ the volatile acids will he expelled^ and if 
the temperature is finally raised to near the boiling point of the 
concentrated acid, the silica is completely dehydrated and hecomes 
insokihle. Titanic acid if present passes into solution and the silica 
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thus obtained is pure. The following method, slightly modified 
from one published by Dr. Drown, depends upon this fact. 

Trans. Am. Inst. Min. Engrs., vol. VII, p. 346. 

In preparing the drillings for analysis, great care must be taken 
to keep them free from sand. This is difficult in the case of pig 
iron, drillings from which should usually be cleaned. 

This is easily accomplished by folding a sheet of paper over a 
magneto then picking up the metal against the paper. The sand 
and other foreign particles are left behind. On drawing the mag- 
net away from the paper the drillings will fall off and can be col- 
lected on a clean sheet of paper. All the drillings must be gone 
over and no considerable residue should remain. If much graphite- 
like substance is separated it may hold silicon belonging to the 
sample. 

The drillings should be fine. Large fragments of metal dissolve 
slowly and may be left as hard grains in the silica, of course vitiat- 
ing the result. If these lumps remain, add more acid and heat 
slowly until they dissolve. 

Ferrosilicons may need to be pulverized till they go through 
bolting cloth before they will dissolve. 

In *' weighing out '' great care must be taken to secure an av- 
erage of fine and coarse, as these usually differ in percentage of 
silicon. 

To avoid unnecessary calculation it is usually convenient to 
weigh out the ** factor weight" of the metal. SiOj contains 0.4702 
Si; hence, if that weight in grams is taken for the analysis, each 
milligram of SiOg will indicate one-tenth per cent. In low silicon 
irons or steel 0.9404 or some other multiple of the factor may be used. 
Process for Pig Iron and SteeL — Weigh out 0.9404 gram 
of pig iron or 4.702 grams of wrought iron or steel. Put 
into a casserole or dish and cover with a large watch glass. 
Add carefully 30 c.c. of a cold mixture of 8 parts by volume 
of concentrated HNO3, 5 parts of concentrated H2SO4 ajid 
17 parts of HgO (for the pig iron) or 100 c.c. of a mixture 
of 35 parts of concentrated HNO3, 15 parts of HaSO^ and 
50 parts of H2O (for the steel), or use the three acid mix- 
ture given further on. 

Warm till action ceases, then boil down rapidly on an 
iron plate or over the bare flame until the Fcg (804)3, sep- 
arates as a white mass; continue the heating until dense 
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fumes of H2SO4 are evolved. These have a peculiar suffo- 
cation odor, easily recognized. Their formation indicates the 
total expulsion of the HNO3, and this is absolutely necessary 
in order to make the silica insoluble. In the case of steel 
low in Si02 it is necessary to stir up the mass of fefric sul- 
pliate thorough ly or it may include SiO^ not dehydrated 
and so cause loss, (Dudley.) There will be danger of 
** spattering** unless the heating is carefully done, but if 
the dish is well covered this need cause no loss* 

Now let cool, then add 10 c.c. of concentrated HCl and 
wash off the cover into the dish. Dilute to 150 or 200 c.e.j 
cover, set over a lamp and boil until all Fcg (804)3 1^ ^^s- 
solved. This can be recognized by the disappearance of the 
silky precipitate in the liquid. Continue the boiling for 
five minutes, as this will cause the solution to filter more 
easily. Then wash off the cover, and let the liquid stand 
until all the SiOa settles. Decant the clear liquid through 
a 7 cm, ashless filter, previously washed out with boiling 
water. Finally transfer and wash the residue with hot 
water. When partially washed, drop a little HCl on the 
filter and residue, then wash again with hot water till the 
filtrate no longer tastes acid. Without drying transfer the 
filter to a crucible and ignite, gently at first, finally at high 
heat, until all the carbon (graphite) is burned and the SiOg 
is white. If this is done in a platinum crucible and over a 
blast lamp the ** burning off*' of the carbon need not take 
more than a few minutes. 

It is important that the temperature be low at first, 
not exceeding a dull red until the paper and the amorphous 
carbon are burned out, as overheating at first will cause the 
carbon to lump together and it will then burn very slowly. 
During the final heating over the blast lamp keep the cruci- 
ble partly covered. The burning may be hastened by di- 
recting a gentle current of oxygen gas into the cruciblej but 
if due care is taken this is not necessary. If oxygen is used 
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take care not to blow any particles of SiO^ out of the cruci- 
ble by forcing in the gas too rapidly. 

The weight of the SiO^ in milligrams divided by two 
iu the first case or by ten in the second gives the silicon in 
tenths of a per cent. 

If the above d i re ctionfl are followed exactly as to the dilution 
and boiling of the solution there will be no need of a filter pump to 
secure rapid filtration. Boiling with a large excess of water con- 
solidates the SiOj «o that it filters eaBily, Ttie funnels and filter 
paper should be carefully selected, the former should have long^ and 
narrow stems that will fill with the liquid and produce a little 
suction* The funuel angle should be 60 degrees. A porous ashless 
paper like the Muncktel ** blaclt label " is desirable. The precipi- 
tate of SiOa has no tendency to run through, so that a dense paper 
is not necessary. 

The filter should be kept full while filtering the solution j 
as if it is allowed to empty the paper will become clogged. 

For pig iron and ferrosilicons the following three acid silicon 
mixture, may be substituted for that already given » and will be 
found very efUcieiit : 

Water ,...., 150 c.c. 

Sulphuric acid concentrated .... 40 c.c. 

Nitic acid sj^, gr. 1.42, ...,.- * 80 c.c. 

Hydrochloric acid concentrated 60 c.c. 
Mix in the order given and preserve for use. 26 c,c. of this mixture 
ig enough for the ** factor weight '' of pig iron {0.4702 gram). Evap- 
orate t^ strong fumes of H2804» cool, add a little concentrated HCl* 
then add water and bail. With this mixture the silica filters particu- 
larly well. With steels where the BiO^ is in very small amount 
it 18 necessary to test its purity. Add a drop of H^SO^ to the SiOa 
in the crucible and then a few drops of pure HFl or a few crystals 
of NH4FI. Evaporate to dryness over a low flame, not allowing the 
liquid to boil, and ignite the residue strongly. The fumes of HFl 
are very poisonous, ao the evaporation must be made under a good 
hood* The SiOa passes off as volatile BiFl^. If any residue remains, 
weigh it and deduct it from the total weight. The difference is SiOj. 

The following process is sometimes used for furnace control 
Instead of the one just given. 

The molten iron is chilled by pouring into water. This makes 
it very brittle. It Is then palveri^ed in a steel morfcart dissolved in 
HCl, rapidly evaporated to dryness, taken up in HCl, diluted and 



I 



I 



H 



Notes on MetallurgiccU AnalyHa. 71 

filtered. Without drying, the filter is put into a platinum crucible, 
ignited in a stream of oxygeii and weighed. The time required for 
this process is said to be twelve minutes. 

Determination of &Uicon in Ferrosilicon,— This material is not 
easily attacked by any of the above mixtures. If not too high in sil- 
icon, it can usually be dissolved by prolonged boiling with aqua regia, 
adding fresh acid from time to time. Finally add 25 c.c. of dilute 
(1 :3) Hjg804, evaporate until fumes of SOg appear, and then finish as 
in the regular process. 

Samples with over 10 per cent. Si and which aqua regia will not 
dissolve are, according to Williams, best treated by fusing with 6 or 
8 times their weight of dry NajCOg. Then proceeding with the fu- 
sion, as in the determination of SiOg in the insoluble matter of a 
limestone. The metal must be very finely pulverized and not more 
than 0.6 gram taken. 

Williams.— Trans. Am. Inst. Mln. Engrs., vol. XVII, p. 542. 

Instead of NagCOg alone, a mixture of NagCOg and NaNOg or 
NagOa may be used and the fusion conducted as described on page 
61. But these reagents are much more injurious to the platinum 
than the carbonate, though more fusible and more rapid in their 
action. 



THE DETERMINATION OF MANGANESE 

There are two classes of material to be considered ; first, ores, 
sla^ and metak high in manganese^ such as xnan^anite and ferro 
manganese containing from: 16 tx> 90 per cent. Second, ordinary iron 
ores, pig irons and steel,. eontaining from a trace op to about three 
per cent, of manganese. These call for a somewhat different 
treatment* 

THE ACETATE PROCESS. 

This is a standard process. It depends upon the separation of 
the iron from the manganese as a basic acetate. The precipitate 
will contain alao any alumina, titanic acid and phosplioric acid 
present in the solution. To get a good separation it is essential that 
the process be conducted very precisely in respect to certain details. 

The reactions are as follows : 

When NaaCOj is added to the solution containing FeClsT MoCI, 
and excess of HCl, the free HCl is first neutralized, then the NaaCO, 
begins to act on the FeCljt forming what is practically a solution of 
ferric hydroxide in ferric cliloride* It has been shown that one 
part of ferric chloride will liold in solution in this way as much as 
ten parts of ferric hydroxide. 

This solution is very dark red in color and probably contains & 
complex compound in which the CI of the FeClg is partly replaced 
by OH. Upon the addition of sodium or ammonium acetate the 
CI remaining in this compound is replaced by the acetic acid radi- 
cal and sodium or ammonium chloride is formed in the solution. 
When the solution is heated, this complex substance is dissociated; 
the iron being completely precipitated as hydroxide retaining only 
a little acetic acid. This is the so-called basic acetate precipi- 
tate. The solution now contains free acetic acid. If exactly the 
right amount of sodium acetate has been added, the manganese 
will be left in the solution as MnCl^ and none of it will be found in 
the precipitate. If too much acetate baa been added some mao- 
ganoua acetate may form, which is more easily dissociated and oxi- 
dlssed precipitating MnOg in a dydrated condition. In this case gome 
Mn may be retained by the precipitate. 

From these facts it is evident that as much sodium carbonate 
should be added as possible without causing a permanent precipitate, 
and only enough c^odium acetate used to replace the chlorine re- 
maining in combination with the iron, 
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The dissociation by boiling depends upon hydrolysis, and is only 
complete in very dilute solution ; at least 500 c.c, of water must be 
present for each gram of Fe(0H)3. 

'^rHE acetate; process for the determination of 

MANGANESE IN ORES WITH HIGH PERCENTAGES, 
The process depends upon the separation of the iron and alum- 
ina as basic acetatesj precipitation of the Mn as MnOj by brominei 
re-solution of the precipitate and determination of the Mn as pyro- 
phosphate. 

If bromine water Ib added to the filtrate from the basic acetate, 
the Mn is completely precipitated as MnO^^ proyided an excess of 
sodium acetate over that required to convert the MnCIg into ace- 
tate is present. 

If ammoninm salts are present, the MnO^ will only separata 
when the solution is made alkaline and then not completely- The 
iron solution must contain no ferrous salt or a red * 'brick dnst" 
like, slimy precipitate will form, and the filtrate will be cloudy and 
deposit irou. 

The process is perfectly satis factory provided all details are 
carefully followed. 

Process for Ores. — Dissolve one-half gram of the ore 
in 15 c.c. concentrated HClj dilute and filter as in the iron 
assay. 

Evaporation to dryness is usually unnecessary, few ores con- 
I tainlng soluble silicates. When such occur, as in slags, dissolve in 
^dilute acid, evaporate to dryness , add HCl and then water. 

If no chlorine is given off when the ore is dissolved, owing to 
the absence of MnOg^ ferrous iron may be present. In this case add 
a crystal of KClOa and boil until all the CI is expelled. 

When the ferric chloride solution is evaporated to dryness in 
the presence of organic matter, a slight reduction to ferrous salt 
often oecnrs; hence, in this case always oxidize the solution after 
filtration by adding a little KClOg or HNOa- The solution must be 
boiled till all the CI is expelled or Mn will precipitate with the iron 
in the subsequent separation. 

To the filtrate add a solution of sodium carbonate care- 
fully until a slight permanent piecipitate forms. Redissolve 
this with a few drops of HCl, giving each drop two or three 
minutes to act, and stopping as soon as the solution clears. 

Now dilute to about 300 c.c.,add one gram sodium ace- 
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tate, cover the beaker and boil vigorously till the iron 
separates. Should it not come down promptly add a 
solution of Nag CO 3 drop by drop until the precipitation is 
complete. The liquid must be distinctly acid when tested 
by a slip of litmus paper. Let the precipitate settle clear 
and decant the liquid through a 9 cm, filter, pouring off 
as closely as possible, add 150 c.c. of boiling water, settle, 
decant as before, and finally transfer the precipitate and wash 
once with hot water. Wash it off the filter back into the 
beaker. Dissolve it in the least possible quantity of HCl 
and repeat the precipitation exactly as before. Transfer the 
precipitate to the filter and wash well with Aot water. Test 
this precipitate for Mn by fusing a little of it with Nag CO 3 
and NaNOg on a platinum wire. If not free from Mn a 
third precipitation will be necessary. 

The filtrate will amount to about a litre. It should be 
perfectly clear and colorless. Concentrate it to about 600 c. c. , 
then add ten grams of sodium acetate and an excess of bro- 
mine water. Warm until the MnOg has settled and the 
liquid is clear. Filter onto a 7 cm. filter and wash well 
with hot water. 

Wash the precipitate off the filter into a beaker. Now 
wash the filter paper with dilute HCl, in which a small crys- 
tal of oxalic acid is dissolved, receiving the filtrate in the 
beaker containing the Mn02. This will dissolve any Mn02 
adhering to the paper. 

Heat the beaker containing the Mn02 and HCl and add 
oxalic acid solution drop by drop until the Mn02 is dissolved. 

Now dilute to about 150 c.c. and add NH4OH until the 
solution is just distinctly alkaline, putting a small strip of lit- 
mus paper in the solution as an indicator. If iron is pres- 
ent a slight precipitate will form. Now drop in acetic acid 
until the solution is just acid. Boil the solution. If any pre- 
cipitate of Fe(0H)3 separates, filter it off and wash precipi- 
tate and filter with hot water. 
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Unless tliifi precipitate is light red in color and Tery email in 
amonntt dissolve it in a few drops of HCli add Hj,0, then NH^OH, 
tlien acetic acid as before. Boil till the precipitate separates and 
filter into the original solution. This re-solufcion is essential in most 
cases, and need delay the work but a few moments. The object of 
the oxalie acid is to reduce the MnOa to MnOr and so make it dis- 
Bolve quickly, MnOa is very slowly attacked by dilute HCl alone. 

To the filtrate, now perfectly clear and colorlessj add an 
excess of a solution of microcosmic salt (NaHNH4P04, 
4 H2O). Now heat to boiling, add NH4OH drop by drop as 
fast as the precipitate formed by each addition becomes 
**silky'' in appearance, stirring all the time to prevent bump- 
ing* When no more precipitate forms add enough NH4OH 
to make the solution smell slightly of NH^, and boil till 
the precipitate is completely silky and settles quickly. Now 
cool the liquid and filter. Wash the precipitate with water 
containing a few drops of NH4OH. Ignite and weigh as 
MogP^O?, containing 0.3873 manganese. 

The acetate of soda used must be tested for Mii» If any is found, 
dissolve the salt in water^ add bromine water and boil till all the 
bromine is expelled. Filter tlie solution from the MuOu thus sepa- 
rated and use it instead of the solid sa.lt. 

Process for Spiegel Iron and Ferro Manganese. — Take 
one-half gram of the powdered metal, dissolve in 10 c.c. 
HNO^ sp.gr, L2, plus 6 c.c. HCl, evaporate to dryness and 
'*bake," then dissolve in 10 c.c, of concentrated HCl, add a 
little bromine water (to reoxidize any FeO formed)^ boil down 
till all excess of bromine is gone and most of the HCl evapor- 
ated. Dilute^ filter if necessary and precipitate the iron and 
determine the Mn as by the method lor ores* 

Some ores and spiegel iron® contain copper and nickel. 
These will come down with the MnOa ^^ part at least. They should 
be separated by H2S, which will precipitate Ni. Co» Cu. andZn., 
but not Mn from a solution containing- a slight excess of acetic acid. 
This may bo done in the original acetate flJtrate. The solution 
muat be boiled till all H^S is expelled before adding bromine. 

THE ACETATE PROCESS FOR ORES LOW IN MANGANESE- 
In this case it is desirable to work upon larger amounts of mater- 
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ial. The filtration and washing of a large basic acetate precipitate 
is very troublesome, and can be avoided by taking an aliquot part 
of the solution after the precipitate has settled. 

The error introduced by neglecting the volume of the precipitate 
is inappreciable when the percentage of manganese is small. 

A single precipitation of the iron is entirely suflacient, provided 
care be taken to avoid excess of sodium acetate. 

Extreme care in measuring the solution, as well as in keeping 
the temperature constant, is also superfluous when less than three 
per cent, of manganese is present and the volumes are kept large ; 
10 c.c. on a litre causing an error of only 0.03 per cent. 

The precipitate by bromine is MnOg. On ignition at moderate 
temperatures with ample access of air, it changes principally to 
Mnj,04, though the exact nature of the oxide produced varies with 
the conditions of heating. This precipitate also usually retains small 
amounts of soda salts. For these reasons the percentage of Mn it 
contains is always a little uncertain. As the variations are 
limited to a small percentage of the weight of the precipitate, the 
results obtained by weighing it directly will be suflaciently accurate 
for all ordinarv work, where but little Mn is present. 

Process. — Dissolve four grams of the ore in 30 c.c. con- 
centrated HCl exactly as in the iron assay. If there is any 
ferrous iron present add about 1 c.c. of HNO3 to completely 
convert it to ferric chloride. Boil the solution until the excess 
of HNO3 is decomposed and the chlorine expelled. The evap- 
oration need not go so far that insoluble iron salts separate ; 
should such form, add more HCl and heat until they dissolve. 
Add water, warm and filter from the residue. 

Take a large Erlenmeyer flask, one which will hold 
when quite full 2400 c.c. Dry it, then measure into it exactly 
2000 c.c. of water ; this should reach up into the narrower por- 
tion of the flask. Paste a thin strip of paper on the glass to 
exactly indicate the level of the liquid. The flask must be 
set on a level desk, and the place it stands as well as the po- 
sition of the paper mark noted, so that it can be subse- 
quently returned to the same position. 

Now transfer the solution of the ore to the flask, and di- 
lute it to about 1700 c.c. Then add a solution of Na^COg 
gradually until the liquid begins to grow dark red. Con- 
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tinue to add the reagent drop by drop, shaking the flask after 
each addition Ufltil the liquid is very dark in color and the 
precipitate formed redissolves very slowly. The object is to 
reach a point just short of that at which the iron is 
precipitated. The operation requires practice. Should the 
point be overstepped, add a little HCl, and when the liquid 
becomes clear, neutralize over again ; but in this case, in 
the writer's opinion, the iron precipitate is more likely to 
contain Mn. 

Now add six grams of pure sodium acetate. Set the 
flask on a hot plate and boil the solution vigorously. 

The iron should immediately separate as a bulky, red 
precipitate. If it fails to do so at once, drop in very cau- 
tiously a dilute solution of Na^COg until the separation is 
complete. Now boil a few minutes longer, then remove the 
flask to the place where it'stood when it was graduated, placing 
it in the same position, and fill it exactly to the mark with 
cold water. Stir the liquid thoroughly with a long rod, then 
let it settle. As soon as it is clear pour off one litre into a 
graduated flask. This whole operation can be done so 
quickly that the liquid will not cool materially. 

Filter the measured portion of the liquid. The filtrate 
should be colorless and distinctly acid to litmus paper. 

Concentrate the filtrate to about 500 c* c. Add five grams 
of sodium acetate and boiL Should any precipitate form fil- 
ter it off, dissolve it in HCl containing a little oxalic acid, 
add a solution of Na^CO^ until a slight permanent precipitate 
forms, then acetic acid till jnst acid. Boil this liquid, filter 
from any precipitate, and add the filtrate to the main 
solution. 

Finally add bromine water, warm until the Mn02 settles 
completely, filter^ wash well with hot water, ignite and weigh 
as Mn304 containing 0J205 Mn, Calculate the result on 
two grams of ore taken. 

Should the ore leave but little residue this need not be filtered 
€>% but may go into the flask with the solution. In applying this 
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process to slags and ores containing deeomposable silicates, the 
HCl solutioo must be evaporated to dryness, taken up again io HCl, 
HNO3 added and boiled off as usual. 

If care be taken in the neutralizing no precipitate will form on 
concentrating the filtrate from the iron and delay will be avoided. 

Should the ore contain nickel or copper^ these will contaminate 
the manganese precipitate and the results will be inaccurate. In 
this case the precipitate of MnOj^ must be rediseolved in HCl con- 
taining a little sodium sulphite. Tlie solution is boiled till free irom 
SO3, then cooled and nearly neutralized by NajtCOgi a little so- 
dium acetate added and the Ni and Cu precipitated by H^S. In the 
filtrate from these sulphides the Ma can be determined either by 
precipitation ivith bromine or as phosphate. 

The Acetate Froemsma^ be Applied to Pig Iron and Steel.— Dis^ 
solve 4 grams in 50 c,c. HNOg sp* gr. 1.2, add 10 c,c. concentrated HCL 
Evaporate to dryness and ^*bake.*^ Redissolve in 25 c.c. concentrated 
HCl»add a little HNOa» boil and proceed as with ores low in man- 
g^anese. Filtration from the insoluble residue is unnecessary. 

Heferences on the Acetate Process : 

BlAJr— The Chemical Aaal^rsls of Iron, 

Jour. Soc. Chem, led., voL X, p. 101^ on the properties of MngO*. 

Trans* Init. Min Engrs., voL X, p. Ml. 

Sillimans Am. Jour. [11] 44 , p, 216, on the detennination as phosphate. 

Bericbie dci Deutch., Chem. Gcsd*. IBOO, p, 1019. 



THE FORD-WILLIAMS METHOD FOR MANGANESE. 
SEPARATION OF MANGANESE BY CHLORATES, 

When potassium or sodiutn chlorate is added to a solution of 
manganese in hot concentrated HKOg the manganese Is all precipl'- 
tated as MnO,, To secure complete and rapid precipitation the 
chlorate should be added to the boiling hot solution in successive 
small portions, the HNOa must be in large excess and concentrated, 
HCl must be absents and there must be at least as much iron as 
manganese in the solution. The precipitate may be filtered off on 
an asbestos filter and washed with concentrated HNOg, MnOs i6 
entirely insoluble in cold concentrated HNOg provided this contains 
no lower oxides of nitrogen ("red fumes"); if these are present, 
that is if the HNOa is not perfectly coim-less^ the MnOj will be reduced 
and dissolved. 

After washing, the precipitate may be redissolved and the man- 
ganeee determined gravimetric ally as pyrophosphate or volumet- 
rically by measuring the oxidizing power of the MnOj on ferrous, 
sulphate or oxalic acid. 
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The precipitate contains a little iron but is free from other im- 
purities. 

When the solution to which the chlorate is added contains any 
HCl, this is first acted upon and broken up before the MnOg 
will separate » chlorine being driven ofT and water fonned by the 
oxidation « This will result in weakening the HK^Og, and hence in 
this case more HNOa niust be present to prevent too great loss 
of strength. 

The method is especially adapted to the determination of man- 
ganese in steels and Irons low in sllieon and dissolving in HNO, 
without residue. 

If SiOg is present in the solution it may separate in a gela- 
tinous form which prevents filtration and coats the particles of the 
precipitate so that they dissolve with diflftculty. It should be re- 
moved by the addition of a few drops of hydrofluoric acid to the 
liquid after the precipitation of the MnOs- Sodium chlorate is 
preferable to potassium chlorate on account of its greater solubility 
making it easier to wash out of the precipitate, 

TAe Chlorate Process for Steel Low in Silicon — Precipita- 
tion of the MnO^, — Dissolve 5 grams in 60 ex. HNO3 1,2 sp. gr*j 
in a 200 c.c. beaker. Evaporate to 25 c.c, then add 100 c»c» 
of colorless concentrated HNO3. Set on an iron plate and heat 
to incipient boiling* Now drop in powdered NaCIOa or 
KCIO3, a little at a time, adding each portion when the ef- 
fervescence produced by the preceding portion has ceased. 
By the time 2 to 2J grams have been added the Mn02 will 
have separated as a fine brown powder. Now add ^ gram more 
of the chlorate and boil gently for 10 minutes. If any SiO^ is 
present in the solution, after 3 or 4 minutes boiling add a 
few drops of pure HFL Then add 1 gram more ot the chlo- 
rate and 25 c.c. concentrated HNO3 and boil 10 minutes 
longer* Remove from the plate and cool by setting the 
beaker in water. When the MnOa has settled, filter without 
dilution, through an asbestos filter,* Finally transfer the 



NoTK, 1. To Prepare ike Asbestos Fitter. — Melt the bottom of a. slx^lnch test tube aod 
draw it out into a narrow tube. Cut off the end and into the long funnel tbua rormed drop !l^ 
littie dibC oT platinum foU punched full of holcE and fastened to a wire which Can run Iota the 
Funnel stem and hotd the foil in place. Then put in a little asbestos which hjti been bailed with 
HCl, washed and inally ignited in a platinum CTucible^ Do not "paclt" it in, simply pnour on 
water and let it run through so a^ to settle it on the bottom. By a little practice a fitter can be 
made in this way which will work rapidly and yet retain aH the MnO,. 
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MnOa to the filter and wash beaker and filter with colorless 
concentrated HNO3 three or four times, or until the filtrate is 
colorless. This can be done without using more than 15 
or 20 c.c, adding only a little each time and letting each 
portion run through before adding the next. Fiually wash 
with a little cold water. If the HNO3 is colored by lower 
oxides of nitrogen (from standiug and the action of light) » 
it can be purified by blowing a strong current of air through 
it until it becomes colorless. 

After washing the MnO^ with cold water till the acid 
taste is gone from the filtrate, (letting each successive por- 
tion of water run entirely through before adding the next» so 
as to not use in all more than 20 c.c) wash the asbestos and 
precipitate back into the beaker (which always has some 
Mn02 adhering to it). 

Volumetric Deterrnination oftheMnO^. — This process consists in 
dissolving the MnOs in a measured excess of an acid solution of 
ferrous sulphate of a known strength. Each molecule of MnOa 
clianges two molecules of ferrous sulphate to ferric sulphate. The 
amount of ferrous sulphate remaining is then determined by a stan- 
dard solution of potassium permaDgaoate. The reactions are as 
follows : 

1. MnOg + 2P66(J^-i-2H2e04=MnS04 -hFea(SOjj -\-2B.^O. 

% 10 FeSOi + 2 KMnO^ + 8 lS.^%0^=h Fe^ (SOJ3 + KaSO^-f- 
2 MnSOi + 8 H^O. 

The process requires first, a solution of potassium permanga- 
nate of a known streogth; second, a solution of ferrous sulphate in 
dilute sulphuric acid. The strength of this is determined by titra- 
tion with the permanganate solution. 

Preparation of the Permanganate Solution.— jy\^so\ve. 
1p160 grams of pure KMn04 in water and dilute to one litre. 
1 c*c. of this solution will have the same oxidizing power as 
0,001 gram of manganese in the form of the brown precipi- 
tate (MnOa)* Check the solution against pure iron or pure 
ardmonium ferrous sulphate {NH4)2Fe(S04)2 6 H2O. 
Dissolve 0.1425 gram of the salt in 50 c.c. of water contain- 
ing 2 C.C. of H2SO4. This should consume just 10 c,c* of 
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the permanganate solution. Run in the solution until the 
last drop gives a permanent pink color. 

If more or less than 10 cc. is required, calculate the 
amount of Mn to which each c.c. of the permanganate is 
equivalent by the proportion. 

.001 : ^ ^ n: lOj n being the number of c.c. of solution 
used in the test, and x the required value. 

Preparation of the Ferrous Sulphate Solution, — Dissolve 
20,18 grams of pure crystallized ferrous sulphate 
(FeS04 7H2 0) in about 500c. c. of water, to which 25c. c. of 
concentrated H2SO4 has been added, and then dilute to one 
litre. 

Determine its strength against the permanganate solu- 
tion by measuring 6 c.c. with a pipette into a beaker, adding 
about 25 c.c. of water and then running in the permanganate 
till the pink color is permanent. About 10 c.c. should be 
required- This value must be determined Irequently as the 
solution of ferrous sulphate alters rapidly from the oxidizing 
action of the air. In a large way it is best kept in a carboy 
and covered with a layer of kerosene oil to keep out air. 
The solution can be preserved in this way for some time 
with but little alteration, and can be drawn out by a siphon 
as needed. 

From the two formulas already given we have the relations be- 
tween the Mn08iFeS04 and KMnO^ as follows: 

One atom of Md in the form of brown precipitate (MnOjj) will 
oxidize 2 atoms of Fe as ferrous sulphate. Two molecoles of perman- 
ganate will oxidize 10 atoms of Fe as ferrous sulphate, that is to say 
two molecules of permaog-anate will oxidize the same amount of 
iron as will 6 molecules of MoOg containing 5 atoms of manganese. 
Therefore to find how much KMnO^ will be needed to have the 
flame oxidizing power as 0»001 gram of Ma In the form of the brown 
precipitate we have the proportion i 

Wt, 6 atoms Mn: wt. 2 mol. KMnO* = 275 : 316.3= .001 : x, which 
gives ic^.00115 gram» the amount of KMnO^ to be dissolved In 
1 c.c. if 1 c.c, is to be equivalent to .001 gram Mn as ""^brown precipi- 
tate.^^ This 18 1J& gram in a litre. 
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To determine the amount of iron, or of ammonium ferrous sul- 
phate to which Ic.c. is equivalent, we have : 

Wt. 1 atom Mn : wt. 2 atoms Fe = 66: 112 = .001 : x, in which x is 
the required amount of iron. The value of x is 0.002034. To deter- 
mine the amount of the ammonium ferrous sulphate, as this con- 
tains I of its weight of iron, multiply the value of x by seven 
••.=.01425 for 1 c.c, or the figure given in the directions for 10 cc. 

That 5 c.c. of the ferrous sulphate solution may be equivalent to 
10 c.c. of the permanganate it must contain 0.02034 Fe. This corres- 
ponds to 20.18 grams of FeSO^, THgO to the litre. 

Determination of the MnO^. — To the asbestos and 
MnOa in the beaker, add the solution of ferrous sulphate 
from a pipette 5 c.c. at a time until, after stirring and warm- 
ing, the Mn02 is completely dissolved. It is best to take the 
same pipette used in standardizing. Break up all lumps of 
asbestos and precipitate with a glass rod as they may conceal 
undissolved particles of MnOg. Now add a little water and 
run in the permanganate solution till a pink color is pro- 
duced, not disappearing under two or three minutes. Read 
the burette and deduct the amount used from that to which 
the amount of ferrous sulphate taken would have been 
equivalent; the diflFerence is equivalent to the Mn 
present in the precipitate. This, corrected by the factor for 
the permanganate solution, will give the amount of Mn in. 
milligrams. 

As an example — Suppose that 5 c.c. of ferrous sulphate solution 
equaled 9.6 c.c. of permanganate solution, and 10.3 c.c. permanganate 
equaled 0.1425 grams of ammonium ferrous sulphate. If 15c.c. of 
ferrous sulphate solution were added to dissolve the MnO, and the 
permanganate required to oxidize the excess was 4.5 c.c, then the 
calculation is as follows: 

3X9.6 = 28.8=the permanganate equivalent to the FeSO^ used- 
4.5 = the**titreback." 

24.3 = the number of c.c. of permanganate equivalent to 
the precipitate. 

24.3:a;=10.3:10 (a; being the true amount of correct permanganate). 
rc=23.6 = 0.0236 gram Mn in the precipitate. 

THE CHLOBATB PROCESS FOB OBES. 

Take 5 grams : Dissolve in 50 c.c of concentrated HCl. Evaporate 
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to dryness, avoidiDg a temperature above 100°;'add 20 c.c. HCl, and 
then Tvater- When disBolved, filter Into a No. 2 beaker. Add 50 c.o. 
concentrated HNO3, evaporate to a syrup, then add 100 ex. of con- 
centrated HiC^Oa and proceed as before. 

THE OHI^OBATE PBOCESS FOB PIG IBON. 

Dissolve 5 grams of the metal in HNOg sp. gr, 1,2» taking about 
60 c.c. Then add 25 c.c» HCl, evaporate to dryness and bake. Dis- 
solve in HCl, filter from the BiOs, and to the filtrate add 0.2 gram 
ammonium fluoride or a few drops of hydrofluoric acid. Then add 
50 c.c. of HNOg. Concentrate to a syrupi add 100 e.e. HNO3 and 
proceed as before. Th© hydrofluoric acid expels traces of SiOa from 
the eolation and greatly accelerates the filtration from the MnOj. 
(E. F. Wood.) 

The above process, carefully conducted, is capable of giving 
very accurate results, but it requires practice and should be tried on 
metals in which the Mn has been carefully determined by the 
acetate method until the two give concordant results. 

For Ferro Manganese and Ores high in Manganese.— The per- 
manganEkte solution should be standardized by working on a metal 
of known percentage of Mn, as the composition of the precipitate 
Is considered by some chemists not to be exactly MnO^, but by thus 
standardizing In the same way that the ore is analyzed, all risk from 
this source is avoided. Where only small amounts of Mn are present 
this source of error is unimportant. 

The acetate process, however, is better adapted to high 
manganese materials^ and if skillfully worked is nearly as rapid as 
the other if HCl has to be expelled by evaporation with HNOg. 

One slight objection to the chlorate process is the large 
amounts of expensive acids required. 

To avoid this the process can be worked on smaller amounts of 
Bubstance, but great care and skill are then needed to secure close re- 
Bults. Ail measurements and titrations must be very exact. 

Take one gram of iron or steel, dissolve it in 16 c.c. of HNOa sp. 
gr, 1.2. Evaporate to 10 c.c, add 35 c.c. HNOai and after precipita- 
tion and boiling, 10 c-c. more, reduce the KClOj to about one 
gram, filter^ wash and proceed with the volumetric detemiiuation of 
the precipitate. 

It is possible to determine the MnOa in the presence of the 
nitric acid without filtering it off by proceeding as follows. After 
precipitating the MnOj cool the acid and dilute it to about 4<10 c.c. 
with cold water. Now add the ferrous Hulphate solution to dissolve 
the MnOa directly, and immediately titrate with the permanganate. 
In working in this way the excess of chloric acid must be complete- 
ly boiled ofl before diluting the solution and the temperature of the 
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liquid kept quite low when adding the ferrous sulphate. Great care 
in these points is necessary in order not to start the reaction be- 
tween the HNO3 and the FeSO^ which would vitiate the results. 
The permanganate solution should be standardized under similar 
conditions. 

Trans. Am. Inst. Min. Engs. vol. IX, p. 897. 
" X, p. 100. 
*'. " *' " " XII, p. 73. 
" XIV, p. 372. 
Jour. Am. Chem. Soc. 1898, p. 604. 
Am. Jour. Sci. 6 (4) 260. 
Jour. Ad. App. Chem. vol. II, p. 249. 

volhard's process for manganese. 

This is a volumetric process depending upon the reaction be- 
tween potassium permanganate and manganous salts by which all 
the manganese is precipitated as MnOs. 

3Mn804 + 2KMn04 + 2H,0 = SMnO, -|- 2KHSO4 + HaSO*. 

The solution must be neutral or very nearly so. The titration 
must be made with the solution nearly at the boiling point and very 
dilute or the precipitate will not settle quickly, and it will be difll- 
cult to see the end reaction. For the same reason the solution must 
be vigorously shaken or stirred and the permanganate added rather 
slowly, especially at first. Too rapid addition of the permanganate 
will cause the MnO, to precipitate on the glass, forming a firmly 
adherent yellowish brown stain which makes it very difficult to see 
the final pink color produced by the excess of permanganate when 
the titration is finished. 

The permanganate solution used in the iron assay will serve for 
manganese. If 1 c.c. equals 0.01 Fe, then 1 c.c. will equal .002946 Mn. 

In this process the iron is separated from the manganese by 
means of zinc oxide. ZnO precipitates the iron completely as 
hydroxide from a dilute solution of ferric sulphate, while manga- 
nese sulphate is not affected and remains in the solution. 

Sufficient ZnO must be added to neutralize any free sulphuric 
acid present as well as to precipitate the iron. 

PROCESS FOR ORES. 

Take 0.5 gram of the sample; ignite it to redness if 
carbonaceous matter is present ; then transfer it to a casserole 
and digest with 15 c.c. of concentrated HCl. If any ferrous 
iron is present add a few small crystals of KCIO3 to oxidise 
it to the ferric state. Finally boil until all free CI is expelled. 
Now add 10 c.c. of dilute H2SO4 (1:1) and evaporate till 
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fumes of H2SO4 begin to come oEF^ then cool the casserole 
and add 75 c. c. of water. Warm till all of the ferric sul- 
phate goes into solution and then transfer to a 200 c. c. 
graduated flask. 

Add a solution of Na^COs ^^ ^^^ contents of the flask 
until most of the free acid is neutralized. Now cool the con- 
tents of the flask if at all warm and then add ZnO suspended 
in water, small portions at a time and shaking after each ad- 
dition, till the iron separates as hydroxide. Dilute to 200 
CO. and mix thoroughly. Let the precipitate settle and then 
filter throttgh a dry filter. Collect 100 ex. of the filtrate re- 
jecting the first few cubic centimeters that run through. 
Transfer this portion to a large flask, dilute it to 300 c.c*, 
add exactly two drops of HNO3 sp, gr. 1.2 and heat to boil- 
ings Titrate with KMn04 shaking well after each addition, 
till a faint pink remains, which does not disappear for a few 
minutes. From the strength of the KMn04 and the number 
of c.c. required, calculate the percentage of Mn. 

Th« titration must be mad© rapidly so that it will be finished 
before the solution cools. If by accident the solution cools so that 

Ethe MnO^ separates badly before flnishing the titration, heat it 
again quickly hut not to boiling. 
Eun a blank on the reagents to test them for manganese or any 
other substance which would reduce the KMnO^ solution. 



PROCESS FOR PIG IRON AND STEEL. 

Weigh out 1 gram of the well mixed borings into a 



casserole. Add gradually 25 c.c. of HNO3 sp. gr. L2. 
When the metal is dissolved evaporate to dryness and bake 
for a few minutes j then take up in 10 or 15 c.c. of HCl and 
heat till the iron salts go into solution. Now add 10 c.c. of 
dilute H2SO4 (1:1) and evaporate till dense fumes of H2SO4 
are given off, keeping the dish well covered^ to avoid loss 
from spattering, and to avoid the formation of dry salts on 
the sides of the casserole. Coolj add 100 c.c. of water, and 
warm till all the ferric sulphate goes into solution. Transfer 
to a 500 c.c. flaskj nearly neutralize with NagCOs, cool and 
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then add the zinc oxide, suspended in water as described be- 
fore, till the iron is precipitated. Dilute to 500 c.c. mixing 
the contents of the flask thoroughly. Filter oflF 250 c.c. 
Add to this two drops of HNO3 sp. gr. 1.2, heat to boiling and 
titrate carefully with KMn04 till a faint pink color is 
permanent. 

Where the amount of manganese in the sample is less than 
seven or eight- tenths per cent, the process is not satisfactory, unless 
more of the sample is taken, since the precipitate will not clot and 
settle properly if there is less than five or six milligrams of manga- 
nese in the liquid. Therefore, in applying the process to ores or metals 
quite low in manganese, enough sample must be weighed out so that 
there shall be at least this amount of manganese in the liquid 
titrated. 

As more than a trace of free acid interferes with the titration, 
the amount of HNO, added must not exceed that indicated or the 
precipitate will settle badly and the end point be indistinct. Evap- 
oration with H2SO4 is necessary to destroy the carbonaceous matter 
as well as to expel the HNO,, both of which may affect the titra- 
tion. 

Instead of taking one gram for the analysis, it is usually more 
convenient to take such an amount of the sample as will make one 
c.c. of the permanganate equivalent to one per cent, of manganese. 
This amount can be calculated from the iron standard of the perman- 
ganate. Thus, if 1 c.c. of the KMnO^ equals .01 Fe, take 0.5892 gram of 
the sample for the process, then the half of the solution taken 
for the titration will contain 0.2946 gram of the sample and each 
c.c. of permanganate used will obviously represent one per cent, 
of Mn. 

For steels low in carbon the Volhard method has been modified 
by omitting the evaporation with HjSO^ and not filtering from the 
precipitate of ferric hydroxide produced by the ZnO, but instead 
simply decanting an aliquot part of the somewhat turbid liquid and 
titrating directly in the presence of the nitrates. In this case the 
permanganate should be standardized on a steel of similar kind in 
which the Mn has been determined gravimetrically. 

Stone.— Jour. Am. Chem. Soc. 1896, p. 228. 
Auchy.— " " *• •* 1896, p. 498. 

COLOR PROCESS FOR MANGANESE. 

When a solution of manganese in dilute HNOg is boiled with 
PbOa permanganic acid is formed, coloring the solution purple. 
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The depth of this oolor increases with the amount of manga- 
nese present^ and by eom paring it with that produced in the same 
way in a solution containing a known amount of manganese, that 
present in the first solution can be estimated. The method is suffi- 
ciently accurate for technical purposes, and can be applied to steels, 
pig irons, and ores, in which the per cent, of manganese is smalL 

A standard is required containiug a known amount of Mn, 
This standard should be of precisely the same kind of material as 
that to be analyzed j steel being used for steel, iron for iron, ore for 
ore, etc. 

The PbOa must be free from Mn. 

While the method is most comnionly applied to steel, it is ap- 
plicable with slight modifications to the other materials men* 
tioned* 

As the depth and shade of color produced is influenced by the 
time of heating, the strength of the acid, and the volume of the 
liquid, it is essential that the standard and the sample be treated in 
exactly the same manner, and that the standard be near the sample 
in percentage of Mn- The process can be conducted in test tubes or 
in small flasks. The boiling should be gentle but continuous ^ and so 
regulated as to cause equal concentration of the liquid in standard 
and sample. 

PROCESS FOR STEEL. 

Weigh 0.2 gram of the steel into a 50 c.c* CO 2 flask. 
Add 15 c.c. of HNO3 sp.gr* 1.2. Close the mouth of the 
flask with a small glass bulb ; heat carefully ou a hot plate 
or steam bath until the iron is all dissolved. Transfer to a 
100 c.c. flask, filteringj if necessary, and dilute to 100 c.c. 
Mix thoroughly. Now put 10 c.c. of the solution into a 
small flask, add 3 c.c. of HNO3, sp. gr. 1,2 and heat care- 
fully on a hot plate. As soon as the solution is hot^ but be- 
fore it begins to boil, drop in a very little PbO^t and when 
the solution begiiis to boil^ add 0.5 gram more PbO^. 
Close the flask with the bulb and keep the solution boiling 
gently but continuously for exactly five minutes. Now set 
the flask in cold water until the PbOa settles to the bottom 
and the violet liquid is absolutely clear. Avoid exposure to 
bright light which may cause the color to change. A solu- 
tion of the standard steel should be prepared and treated in 
the same way and at the same time. 
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Pour oflf the two solutions into two graduated tubes and 
dilute the darker till the colors match when compared over a 
sheet of white paper. The volumes will then have the 
same ratio as the amounts of Mn in the standard and test 
sample. 

Small flasks used in this way and kept closed with glass bulbs 
are as satisfactory as the special calcium chloride bath and test 
tubes sometimes used. The heavy lead precipitate settles so com- 
pletely to the bottom that with care the liquid can nearly all be 
poured off without disturbing it. Where the standard and the sam- 
ple are close in Mn percentage, the small amount of liquid left in 
each flask will not appreciably affect the results if the original vol- 
umes were about equal. Eight inch test tubes may be used instead 
of the flasks. They can be heated in a calcium chloride bath at 
116° C, or on a sand bath provided with a wire rack for holding the 
tubes. 

The PbOt settles a little better in the tubes, which should be 
placed upright in cold water. If a centrifugal machine is available, 
(such for instance as is used for separating the phosphorus precipi- 
tate for measuring in the Goetz process), the PbOg can be rapidly 
separated by pouring the contents of the flasks into test tubes and 
whirling them in the machine. 

The addition of a little PbO, before the boiling commences 
causes this to start off quietly, and on adding the rest of the reagent 
there is no violent action such as is likely to take place if the oxide 
is added at once to the boiling liquid and which may throw liquid 
out of the flask. 

When the Mn is very low 26 c.c. of the solution of the steel may 
be used instead of the 10 c.c. directed, provided the amount of HNOj 
is proportionately increased. 

Dilution and division of the solution as directed is desirable, 
where the amount of Mn is sufficient to give a deep color. It is un- 
necessary in low Mn steel. In this case proceed as follows: 

Dissolve 0.2 gram of the steel in 15 c.c. HNOg 1.2 sp. gr. Boil till 
nitrous fumes are expelled and add 15 c.c. of water, then add the 
PbOj and boil as before directed. Allow to settle, decant off and 
compare. Use care to heat the standard and sample equally, 
both during the solution and after adding the PbOj. Instead of 
dissolving the standard each time a test is made, a quantity may be 
dissolved and the solution then diluted so that 10 c.c. corresponds to 
the weight of the sample taken in the test. This volume may then 
be taken for comparison with each set of tests. Thus for the first 
process where the solution is diluted and divided, dissolve 2 grams 
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of the standard steely dilute to one litre and use 10 c,c. each time 
for comparisoD. 

For steels of moderate percentage of manganese the time of 
boiling may he shortened to three minutes. 

PROCESS FOR PIG IRON. 

Dissolve 0,2 gram in 10 c.c. HNO3, ep. gr* 1,2. Add one-half c.c. 
HCl and ho 11 down to one or two c.c* Add 10 c.c » cooceutrated 
HNOa and boil down one-half, l^ow dilute to 100 c.c, filter througli 
a dry filter, take an aliquot part of the filtrate and proceed as in the 
regular process. Use a pig iron standard* With very low Mn or 
coarse-grained iron it may be desirable to take larger amounts to se- 
cure an average. In this case use 1 gram and dilute to lOO or 500 
c.c. according to the amount of Mn present. 

PROCESS FOR ORES. 

Diss olve 0.2 gram in 5 c.c. of HCL Boil down to a syrup; add 
10 c.c. of concentrated HNO3, evaporate again to a syrup. Add 
10 c.c. of HNO3, L2 sp, gr* dilute, filter and proceed as with pig iron, 
using an ore standard. 

Hunt.— Ani, Insl. Min, Engs voh IB, p. 16*. 



COLOR METHOD USING AMMONIUM PERSULPHATE. 



This method is due to Marshal and Walters. See Chemical 
News^ Feb. 15, and Nov. 16,1901. It depends upon the fact that 
if ammonium persulphate {NH4SO4) is added to a solution of 
manganese in dilute nitric or sulphuric acid ^ it will, on warming, 
promptly and completely oxidize the Mn, to permanganic acld^ pro- 
vided a small amount of silver nitrate in present The silver salt is 
essential, for if not present the manganese will be precipitated as 
MnOa. If too much silver salt is present, silver peroxide will pre- 
cipitate and make the solution muddy. 

The Holntion should not be boiled, but merely warmed until the 
color develops. 

It is said that the persulphate should be slightly damp, but we 
have used this salt dried in a deesicator with satisfactory results. 

WALTER'S PROCESS FOR STEEL, 

Dissolve 0. 1 or 0. 2 gram of the steely according to the 
percentage of manganese, in 10 c.c. of HNO^j, sp. gr. 1.'2. 
Heat until all nitrous fumes are driven off. Now add 15 
c.c. of a solution of silver nitrate containing 1.33 grams of 
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the salt to 1 litre of water. This will cool the solution con- 
siderably. Now immediately add about 1 gram of am- 
monium persulphate, and warm until the color commences 
to develop, and then for about a half minute longer. Re- 
move from the heat and set it in cold water while the evolu- 
tion of oxygen continues. As soon as the solution is cool, 
compare it with a solution of standard steel treated in the 
same manner. 

The solution of the standard steel may be prepared in 
quantity, as noted before, by dissolving several grams of the 
metal in a sufficient amount of nitric acid, sp. gr. 1.2, and 
diluting with the same strength acid until 10 c.c. of the solu- 
tion contain 0.2 gram of steel. Ten c.c. of this solution are 
then used with each set of determinations. 



THE DETERMINATION OF SULPHUR* 

Sulphur occurs in iron ores as sulphides, such as pyrlt<? (Ko8,> 
and aphalerite (ZoS) and also as sulphates, such as gypsum (ra8(>4^ 
2H„0), barite (BaSO^> and celestite (SrSO«). In irun aiul «toe^Ut 
occurs as sulphide only* In the gravimetric methodtt for drf '^nnlu- 
ing sulphur it is first converted into some soluhlt^ sulpluitu and Hwn 
the sulphuric acid precipitated by barium chloride and wt^lghtnl an 
barium sulphate. 



DIRECT OXIDATION METHODS. 

Ckmversion of the Sulphides t o Sulphates, — A 1 1 h 1 1 1 p h 1 1 hi« n ro i^o in - 
pletely oxidized to sulphates when fusetl with a inlxMir** of ilry 
NajCOg and NaNOj or with NaaOg (sodium peroxNlf>» 

As free sulphur and certain disulphidefl ^\ve off Mulphtir Vtt-ji(»i' 
at a comparatively low temperature (below the dmU)^ pnhil of 
NagCOg), when these are present care munt bn takt*n lo prr-vrviil, Itmn 
by the escape of this vapor» The mixture of or*^ mirl Mirn mkimI \m 
covered with a layer of the pure '* fusion inlxtunt" ami hM^iwd 
carefully. 

After fusion all the sulphur, whether originally pr«*f***nt f^ft Mill 
phide or sulphate feven in BaflO*) will be found am Na^HO,, IfiH 
bases present remaining as oxides or carbonat#!fi, WUt^ii (.Im< fmpM 
mass is boiled with water till thoroughly dl^ '"*l rt»i»l M(^ri 

filtered off and washed, the sulphate all pfMtff^ft i^hnh-^, 

Sulphides can be more or lean compMMy t/nUU'AHt Ut «i»l(d*Mfiil* 
in the ** wet way*' by treating them with h^r*-^"""' "^"»*^d Ut^ii^ Ht 
aqaa regia. Wet methods arc not vftty *? *rf^ m f>W« 

sulphur is liable to separate and iii»e tor jel/^^rfi(#TH«r<f rrr^fM^f^ fffdMf 
being below the bofliug point of MMO^ (fMnn Ut fititi fftfth H h f^^^ 
fc slowly oxidized by boiling Willi mMn^ry ^ 

Pwilpbide can be completely O ftfifai i rtl k4r9r «« v 
excess of concentrated KSO« mmd m Mi hg * HU^^ f 

When iron giilpbiiler or «?«• W&m «wyfif##/#-*#. > k 
is dissolved io dilate M30, iJt w^. gjTv, A <%/- i Hf 

the sulphor 8ep«>lc> tm wwA Ml4 ^tMtt^p^ *'^'^ f^^ ^-^ r^'fr^ 

RnlutlTTnir i i i nlHla li g liiW i i mll0limU. M^ ^^itf^^^i^ tHHHH^^II 
and " bakinig,^ m it I^IMW m JBtummJ^^, ^ 
enough potasafMB^r iiMmp it aMMI^ A^(6M r 
with the alkali, m ite W^t0m0mt4 itHti hf mrtff (t^^ ^ hf 

heat and 60^ ( 
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The PreelpUaiion of SO^ by BaCl^, 

This precipitation must be conducted under carefully regulated 
conditionB, if the results are to be satisfactory. 

Barium sulphate, while entirely insoluble in water^ is not so in 
dilute acids, the amount dissolved increasing %vith the concentra- 
tion of the acid. The presence of a considerable excess of HaClg in 
the liquid appears, however^ to counteract this solvent action. Thus 
a sufficient (5xcm^ of Bads 'W'ill completely precipitate the sulphuric 
acid from a solution quite strongly acidified with HCL 

When BaSOi is precipitated in solutions containing much iron, 
unless the solution contains a considerable excess of HCl^ basic iron 
salts will adhere to the precipitate^ making it reddish in color. This 
color is best seen after the precipitate is ignited. Some of the 
sulphuric acid appears to be in combination with the iron instead 
of with the barium and ie driven oil on ignition^ leaving ferric 
oxide; so that these impure precipitates are liable to give /ow resw?^*, 
particularly if subsequently purified and the BaSOi present deter- 
mined. Water alone will not wash the iron out of such an impure 
precipitate. The iron can he dissolved out of the precipitate by 
concentrated HCl, but this will dissolve some of the BaS04. 
If, however, the HCl ie mixed with a solution of BaCla, its solvent 
action on the precipitate is reduced to practically nothing, A 
mixture of 10 c.c. of concentrated HCUj 10 c.c. of 10 per cent. 
BaCla solution and water enough to dissolve the BaCU precipitated 
by the acid, gives a wash that can be safely used to free a barium sul- 
phate precipitate from a little iron* The precipitate must be subse- 
quently washed thoroughly with water. 

Barium salts, particularly the nitrate, have a strong ten- 
dency to adiiere to the precipitate, making it impure. Tliese can- 
not be completelv washed out with water. 

Acid solutions of FeClg when hot, bold a little BaSO^ in solu- 
tion; this separates completely when the liquid cools. The precipi- 
tate of Ba804 is fine, liable to run through the filter and impure, 
when precipitated cold, or in concentrated solutions or by too con- 
oentrateda solution of BaVl^. This is important when much SOy is 
present. The solution of BaCla m. us t then be vjell diluted and heated 
to boiling before being added. In this way there is obtained a 
granular, rapidly subsiding precipitate easy to wash and pure^ 

If the BaS04 precipitate is too fine and settles slowly, set the 
beaker containing the slightly acid liquid and the precipitate on a 
warm plate and keep it at a temperature a little short of boiling for 
some time, stirring up the precipitate occasionally. Treated in this 
way the precipitate will gradually grow dense and granular so that 
it can be easily filtered. 
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METHOD FOR SULPHUR IN IRON ORES 

Mix 1 gram of the finely pulverized ore with 8 grams 
of dry Na^COg and 0.5 to 1 gram of NaNOg, according to 
the amount of sulphur in the ore. Put the mixture in a 
platinum crucible and fuse carefully. As soon as it is well 
melted chill the crucible by dipping the bottom into water. 
This will usually loosen the cake so that it can be removed 
from the crucible. 

As ordiuarj gas contains siilphnr^ fosions made over it are 
likely to absorb Bome SOg from the flame. Therefore an alcohol or 
gasolene blaBfc lamp ehoiild be used. If gas is used, the crucible must 
be kept covered during the fusion and stiould be protected by insert- 
ing it into a tightly fitting collar of sbeet asbestos up to near 
the top. This will act as a shield to prevent the products of com- 
bustion from getting into the crucible. In accurate work it is 
always necessary to make a blank analysis, and determine the 
small amount of sulphur contained in the reagents or absorbed 
from the gas flames. Deduct this from the amount found when 
working on the ore. 

Boil out the fusion with water until all the material is 
soft and no hard lumps remain. If the solution is colored 

by NaaMn04> add a few drops of alcohoL Filter and wash 
well with hot water. Add HCl to the filtrate till just acid, 
evaporate it to dryness carefully, and dry at 100°C. Now 
add 5 c c. of HCl first diluted with its own volume of water. 
Warm and add 50 c.c. of water, heating till everything is dis- 
solved but a little SiOg- Filter and wash. The filtrate 
should not exceed 100 ex, ; if it does, concentrate it. Now 
heat nearly to boiling and add 5 to 10 ex. of a 10 per cent, 
solution of BaCla previously diluted with 10 to 20 ex, of 
water and heated. Stir and let the precipitate of BaS04 
settle. When clear, filter, wash with hot water, ignite and 
weigh the BaSO^. This weight multiplied by O.I37=S. 
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BaSO* is easily reduced to BaS by heating with carbon. This 
may occur in the crucible and will make the results come low; 
hence, in igniting the precipitate detach it as far as pofisible from 
the filter, burn the paper carefully on a platinum wire^ avoiding » , 
high heat. Add the asli to the precipitate in the crucible and heat ^ 
gently with the cover ofif until all the carbon is bamed, finally ignit- 
ing to a bright red heat* 

Instead of drying the paper, the wet filter and precipitate may 
be ignited together by proceeding as follows: Put the filter paper 
containing the precipitate into a good sized platinum crucible. The 
paper should be put in point down and open, just as it sets in the 
funnel- Now aet the uncovered crucible over a very low flame and 
dry out the paper carefully. Then continue the heat so as to char 
the paper without letting it ignite. Should it catch fire, extinguish 
the flame by momentarily covering the crucible. When all the vola- 
tile matter is expelled, slightly increase the heat which should not, 
however exceed a dull red. The carbon wlD now all burn away and 
the precipitate become wiiite. Finally raise the temperature to 
bright redness. Cool and weigh ai before. This process is called 
"smoking oW^ the filter and saves much time. It can be used safely 
on all small BaSO^ precipitates. After weighing the precipitatej add 
a little water to it and test with turmeric paper. If it reacts alkalinci 
the results are untrustworthy, as reduction has occured; in this 
case add a drop of H2SO4; heat till dry, ignite and weigh again, 
taking the second weight as the correct one* 



WET OXIDATION METHOD FOR SULPHUR IN ORES. 

Weigh I to 5 grams of the very finely pulverized ore* 
Put it in a covered casserole or beaker and add 20 c.c. of 
concentrated HNO3. Heat and add 1 gram of KCIO3 in 
several portions. Now digest at a moderate heat till all 
action ceases, then evaporate oflF most of the HNO3. Now 
add an excess of HCl and warm until the iron is all dis- 
solved. Evaporate to dryness and proceed as with the dried 
residue in the determinatioo of sulphur in iron or steel. 

To determine the Sulphur in Pyrites use from 0.1 to 0.2 gram of 
the snbstance, treating it with 26 e.e, of concentrated HNOg and 3 
grama of KClOg. The potaasinm chlorate should be tested for 
sulphur* 

This method fails to determine the sulphur in any BaSCj or 
PbS contained in the ore. Therefore it is not so generally applicable 
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as the fusion method unlesB the insoluble residue is separately 
treated by the fusion method and any sulphur it contains re- 
covered. 

METHOD FOR SUI^PHUR IN IRON AND ST:^EL. 

As the sulphur is usually present in these metals in 
very small percentages only, its accurate determination 
demands great care. Take from 2 to 5 grams according to 
the percentage of sulphur. Add 25 to 40 c,c. concentrated 
HNO3. Cool the dish if the action is too rapid, or heat it if 
it is too slow. The rate of solution must not be too rapid or 
low results may folio w^ 
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When the metal is nearly all dissolved, heat to boiling 
and add 2 to 3 c,c. of concentrated HCl to complete the 
solution. Now add about 0.5 gram KCIO3 free from 
sulphur. Boil to dryness and bake ou a hot plate 10 min- 
utes. Add 10 to 20 ex* concentrated HCl to dissolve the 
residue and again dry down thoroughly. Dissolve up again 
in 1 5 to 40 c.c, of concentrated HCL Evaporate the solution 
until a skin begins to form on the surface or uutil it becomes 
syrupy. Now add 5 to 10 c.c. of concentrated HCl, accord- 
ing to the amount of iron taken. When all the iron dis- 
solves dilute the liquid with its own volume of hot water and 
filter into a small beaker through a paper previously washed 
out with a little hot dilute HCl (this facilitates filtration). 
Wash the dish and insoluble residue with hot water. 

The filtrate and washings must not exceed 75 c.c. Now 
warm to about 60*^ C. and add 10 c.c. of a 10 per cent, solu- 
tion of BaCU- Let stand till the precipitate settles, leav- 
ing the liquid perfectly clear. (Two hours is sufficient if 
everything is right.) 

Filter on to a small ashless filter, wash with water con- 
taining a few drops of HCl, ignite and weigh the BaS04. 
Test the filtrate by the addition of considerably more BaCl2 
solution which must give no additional precipitate* 
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The residue from which the solution for the determination of 
sulphur is filtered must contain no haste iron salts, as these may 
hold sulphur. These are likely to form if the HCl solution is con- 
centrated too far and insufficient acid is added he fore dilotion. 
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It is imperatively necessary that a blank be ran on all the re- 
agents used in the process and the weight of Ba804 obtained in this 
way deducted from that found in the analysis. 

Certain high carbon steels and most ferrosilicons will resist 
the action of concentrated HKO» almost entirely* When treating 
each metals add some potassium chlorate with the nitric acid at the 
start, and also at interrals add concentrated HCl, 1 c.c. at a time^ 
until the metal is dissolved; then add more KCIO, and proceed as 
tisual* 

Ferrosilicons with over 10 per cent, of Si will resist the action 
of all the ordinary solvents. These and other insoluble alloys cannot 
be treated by wet methods for the determination of sulphur. 

Where the percentage of Si does not exceed about 15 per cent, 
the addition of sodium fluoride to the HNO^, as described under 
Fhoephorus on page 51 » will usually bring the metal into solution 
and the determination can then be carried out as usual, by adding the 
chlorate, evaporating, baking, and taking up in HCL In other 
cases the metal must be fused. The fusion is best made in a 
platinum crucible with a mixture of equal part« of NaNOj and 
NasCOa, using at least 6 parts of the mixture to 1 of the metal. 
The fusion can be then soaked out with water and the water solu- 
tion treated as in the case of an ore. 

The sulphur will all go in to the water solution* provided the 
iron is completely oxidized. It is essential that the metal he very 
finely powdered. The peroxide of sodium can be substituted for the 
nitrate or may be used alone, in which case at least 8 grams of the 
reagent must be used for 1 of metal, and the fusion made in a 
nickel crucible. Blanks must be run on all the reagents. 

F. C. Phillips Journal Am. Chem Soc. 18M. Page 10T9. 
E. H, Saaiter journal Soc. Chem. Indst. 1896. Pa^e 15& 

THE DETERMINATION OF SULPHUR IN PIG IRON AND STEEL 
BY EVOLUTION AS H^S, 

The direct oxidation methcnis are accurate and the only ones that 
can be relied upnn to give with certainty the total sulphur in any ma- 
terial* But they art^ too &low to answer for control work. For such 
nurpoetiO the evolution methods are very generally used. They are 
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either gravimetric or volumetric and can be made extremely rapid. 
For some materials they will give reliable results, . 

These methods all depend upon the asgumption that when iron is 
dissolved in HCl the whole of the 8 is evolved aa H^S and passes off 
with the excess of H, This is probably true or nearly so for steel contain- 
ing but little carbon and possibly for gray pig iron ; it certainly is not 
true for white iron and mottled irons high in combined carbon; and 
probably not true for high carbon steels and some ferro-sil icons, es- 
pecially those containing much 8. 

In these latter materials part of the S appears to be evolved as 
more or less volatile liquid or possibly gaseous compounds of car- 
bon, hydrogen and sulphur and not as HjS. The proportion of the 
S evolved as H2S will vary in the same iron if the heat treatment 
has been different; if slowly cooled, it may be gray and evolve most 
of the S as HgS; if suddenly cooled by eliilling in water (shot sam- 
ples) it wUl be white and only a small portion of its B may be evolv- 
ed as HjS. Hence by evolution methods the latter sample would 
show a much lower percentage of sulphur than the former. 

If hydrogen gas mixed with these volatile sulphur carbon com- 
pounds is passed tlirough a tube of glass or porcelain heated to dull 
rednesSi the sulphur compounds are all decomposed and resolved 
into HnS. If fclie tube is filled with asbestos coated with a little 
platinum black the action is more rapid. K the evolution process is 
to give reliable results when applied to all classes of iron and steel 
this treatment of the evolved gas is essential. Care must be taken to 
exclude all air or explosions may result. The residue left after the so- 
lution of the iron consists largely of carbon and silica but sometimes 
contains sulphur and should be filtered off and tested by the oxida- 
tion naethod unless previous experience with the particular kiud of 
material has shown that it leaves a residue free from sidphur. The 
presence of copper or arsenic in the iron will, of course, have a ten- 
dency to hold sulphur In the residue as their sulphides are not de- 
composed by HCL Phillips has shown that the sulphur retained by 
the residue is frequently in the form of difficultly volatile organic 
compounds and may be distilled off by prolonged boiling of the 
solution. 

The Hg8 evolved is very easily decomposed by comparatively 
feeble oxidizing agents, water being formed and free sulphur de- 
posited. Prolonged contact with air and sunlight, the presence of 
FeCljj, traces of chlorine, all acton it in this way, and must be avoided 
in the process. There is no necessity, however, of working in an 
atmosphere of H or of COs if the process is rapiffi^y conduoted. 
On the other hand« slow evolution, or the use of HCl containing 
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traces of CI or Fe Clj will cause decomposition of the H,8 and reten- 
tion of sulphur in the residue. 

Rusting of the drillings previous to the addition of HCl leads to 
the formation of Fefl, and may cause a separation of sulphur from 
the gas in the flask. Dilute HCl i 1 :1) is usually used in these methods 
but according to the write r^s experience this sometimes fails to cause 
complete evolution of the S as H,8, where the conceotrated acid 
succeeds. 8ee Phillips. Jour, Am. Chem. 8oc., 1895, p. S91, 

The sulphur in the evolved gas may be estimated gravimetrical- 
ly after ahsorbing it in an oxidizing liquid, such as bromine water 
and HCl, a dilute solution of potassium permaoganatet or peroxide 
of hydrogen, which will convert it into S O,. It can also be absorbed 
in a solution of some metallic salt such as alkaline lead acetate, silver 
nitrate or alkaline cadmium chloride. In this case the precip- 
itated metallic sulphides are separated and the sulphur in them oxi- 
dized and determined as BaBO^. While the H^S is easily absorbed 
the organic sulph ur compounds are only slowly and incompletely tak- 
en up- Long boiling is frequently necessary to drive them complete- 
ly out of the flask in which the iron is dissolved. It is evident from 
what has gone before that none of the forms of the evolution method 
can be relied upon to give the total sulphur in irons which %ivB off 
these organic sulphur compounds. Some sulphur will be left In the 
flask unless the boilinp: is greatly prolonged and some will escape 
even powerfully oxidizing absorbents. 
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brown's method with potassium permanganate. 



This is the least troublesome of the gravimetric evolution 
methods. It is accurate for those metals which evolve their sulphur 
as Hg8. The H^S is absorbed by an alkalioe solution of KMnO^, 
This is a more energetic absorbent than the neutral solution original- 
ly proposed by Dr. Drown, hence the gas can be sent through the 
liquid much more rapidly without danger of any S escaping ab- 
sorption. 

As the rubber corks and tubes used in the apparatus contain 
sulphur they must be kept from contact with the absorbing solution. 
They should be prepared for use by first boiling them for some time 
in a dilute solution of NaOH, then rubbing them well to remove any 
crust from the surf ace, and finally washing them thoroughly with 
water and dilute HCL 
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Notet on MetcUlurgical AnalyiU. 

Apparatus. — This is shown in fig, 3 and consists of a 
flask F of 500 ex. capacity and fitted with a rubber stopper, a 
glass funnel tube G provided with a stop cock, and a de- 
livery tube H, in which are blown two or three good sized 




Fio. 8.— Apparatus for the determination of sulphur by eyolutloiL, 
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bulbs. These bulbs serve to arrest tbe liquid condensiD^ in 
the tube and allow it to return to the £ask instead of working 
over into the absf>rption tubes. The delivery tube should 
cany the gas down to the bottom of a large test tube I, eight 
inches deep and one inch and a quarter wide and fitted with 
a rubber stopper through which a second tube carries the gas 
into a second smaller test tube J, which serves to catch any 
absorbable sulphur compounds escaping the first test tube. 
This guard tube will rarely show any sulphur. (The bottle, 
A, holds the iodine solution for the volumetric process* 
which can be drawn over into the burette, D, by working the 
rubber bulb, B. This has a small hole in the top which can 
be covered by the finger and act as a valve, thus allowing the 
liquid to be **pumped*' over into the burette. The small 
bulb is filled with cotton to prevent anything working down 
into the burette from the bulb. ) 

Process, — Weigh 5 or 10 grams of the drilliogs, according 
to the percentage of sulphur contained in the metal, into the 
flask. Put into the first test tube io the absorbing train 
30 c.c, of a solution of potassium permanganate, 5 grams to 
the litre, and 30 c.c. of a ten per cent, solution of pure sodium 
hydroxide* Charge the second tube in the same way, using 
half the amounts. Add water to the tubes until they are 
about half filled by the liquid ; there should be a space of 
three or four inches above the liquid io each tube. Now 
connect up the apparatus, put 50 or 60 c.c. of concentrated 
HCl into the funnel tube, and cautiously run this into the 
flask. This should be done rapidly but not so as to cause 
such an evolution of gas as to form very large bubbles in 
the tubes, or to throw the absorbing liquid up against the 
corks. As the absorbing liquid is alkaline, the evolution of 
the gas can be quite rapid without danger of H^S escaping 
absorption, and the more rapidly the iron is dissolved the 
larger the percentage of the sulphur which appears to be 
evolved in an absorbable form. When the action becomes 
slow and the iron is nearly all dissolved, bring the contents 
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of the flask to boiling and boil until the liquid in the first 
tube grows quite warm and MnOa begins to separate. The 
steam will drive over all the H^S and also to some extent 
carry over difficultly volatile sulphur compounds^ leaving the 
residue in many cases practically free from sulphur. Now 
remove the lamp, being careful to immediately open the 
stopcock of the funnel tube so as to admit air to the flask as 
it cools, or a vacuum may form and the contents of the test 
tubes be drawn back into the flask* 

Disconnect the test tubes, empty them into separate 
beakers, washing out both the connecting tube and the test 
tubes with water, Any Mn02 adhering to the tubes should 
be dissolved off with a little HCl, and the solution added to 
the liquid from the test tubes. A little oxalic acid should 
be added to ^the HCl so used. The contents of the second 
tube should be alkaline at the end of the process though the 
HCl distilling over will probably have neutralized the alkali 
in the first tube and dissolved most of the MnOg- Now heat 
the contents of the beakers, and if not already acid add a 
slight excess of HCl which may cause MnOg to separate. 
Drop in a solution of oxalic acid carefully until the MnOg is 
all dissolved and the solutions are colorless. Add to each 
beaker 15 c.c. of a ten per cent, solution of BaCl^, settle, 
filter, wash and weigh the BaS04 as usual. The liquid from 
the second tube should show no more than a trace of EaS04 . 
Filter this in with the first precipitate. Should the second 
tube show much precipitate repeat the process, evolving the 
gas more slowly. Run a careful blank on the permanganate, 
sodaj acidSj etc., using the same amount of each as is taken 
in the analysis, and deduct the weight of the BaS04 found 
in this (due to impurity of reagents) from that found in the 
analysis* 

Instead of uaing concentrated HCl in the process, many prefer 
to use the acid diluted with its own volame of water. It is easier to 
conduct the process in this way^ as leas of the acid distiUs over into 
the tubes, hut it is a little more liable to leave sulphur behind in the 
residue. 
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AspiT»don of mir or 00^ thnMigli the ^msk to remove the last 
traces of H,B U entirely ntamoBBmrf with the wmrnH percentages of 
»al{»hiir foand in ifx>D and ^«el. 

BxxMmktaaan of the Betidm «• e*e I^kukfor ^ifphur.—FilieT the 
eontenta of the flask throa^ a 8 em. filter, wash the residue thor- 
oaghly and dry it at a temperatore not exceeding 100^ C* Open out 
the filter and brush the residue into a gniall beaker. Add 10 c.c. of 
concentrated ITNO, and a small crystal of KCIO,. Boil down t4> 
drjnesSt take up by heating with 5 c*c. of concentrated HCl, dilute 
to 80 or 40 cXm filter and add o c.c. of BaCl, solution to the filtrate. 
Let fttand till any precipitate of Ba80« settles^ filter it off and weigh it. 

The residue may also be treated by fusion exactly as an Iron ore, 
of course using smaller quantities of fiuxes. 

DrowB— Traci. Am Init. Hin. Enc5.« VoL 11. p. tU. 

Atodiy— jocT Am. Cbem. Sac 1B99. p. iOi. 

For the use of other absorbents. »ee Trans. Am. Inst. It In. fings.. VoL X, p. 187. 
(Cftdatura). and Xtl. p. 507. Bromine). Chemical News, XLVI. p. 19». (Peroxide of Hy- 
drogea. ) For tbe use of lead salts, sec freseniits QaantitatlTc Analysis, 

THE lODlN^E METHOD. 
DETERMINATION OF THE HgS BY TITRATION WITH IODINE. 

This is the most generally used of the evolution methods^ and is 
extremely rapid. Its results will b© lower than those given bj the 
direct oxidation methods with all metals containing considerable 
combined carbon, but as the results are concordant, they serve for 
furnace control. All sulphur not evolved as H,S is necessarily lost 
in this process. Hence concentrated acid will in many cases give 
higher results than the dilute acid generally used. The H,8 evolved 
on dissolving the iron is absorbed in an alkaline liquid, either NaOH 
KOH, or an aramoniacal solution of cadmium or of zinc. An advan- 
tage in the uHe of the two latter lies in the fact that the HgS is fixed 
in a visible form (CdS or ZnS), and one which is not so subject to 
alteration on standing as are the alkaline sulphides. Further, the 
KOH and NaOH are very liable to contain oxidising impurities such 
as nitrites or ferric hydroxide which liberate iodine from KI, and 
thus will cause false results in the titration. These impurities would 
not be discoverable in an ordinary blank, but such a solution would 
give a blue color with starch Immediately if acidified and tested by 
a few drops of a solution of KI alone. 

The reaction between HaS and a strongly ammoniaeal solution 
of cadmium chloride is as follows: 

H,S + CdCU 4- 2 NH4OH =r CdS + 2 H,0 + 2 NH^Cl. 

If the liquid containing the precipitate of CdS is diluted with a 
large volume of water and a sufficient excess of HCl added, HsS is 
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ajJCain liberated by the following reaction : 
Cd8 + 2HCl = Hj8-|-CdClg, 

A considerable excess of HCl is required to cause the complete 
disappearance of the yellow precipitate. 

The presence of a large volutne of cold water is necessary so that 
the H38 shall not escape, but will remain in aolntion in the water. 
This solution of H28 is then titrated by a standard solution of iodine. 
The iodine unites with the hydrogen, setting free the sulphur; 

A little solution of starch is added to the liquid, and the least 
excess of iodine is shown by an intense blue color (* 'iodide of starch^'). 

Tlie liberated sulphur causes the liquid to become curiously opa- 
lescent and show various colors, but this does not at all obscure the 
*^end reaction/* whiiih is very sharp. 

The solutions needed are standard iodine and starch. 

Preparation of the Starch Solution. — Stir 5 grams of 
starch into 200 c.c, of cold water. Heat the liquid to boiling 
with constant stirring until the starch is thorooghly dis- 
solved. Now dilute the liquid with cold water to about a 
litre, and add 10 grams of crystallized ZnCl2. I^et the solu- 
tion settle for some time, and pour off lor use the nearly 
clear supernatant liquid* This solution is very sensitive and 
keeps indefinitely, 

A solution of one gram of starch in 200 of boiling water 
alone may be used, but it must be made fresh every day. 

Preparation of the Iodine Solution, —Weigh on a watch glass 
3.956 grams of pore resublimed iodine. Put it into a small 
beaker, add about six grams of pure potassium iodide (free 
from iodate) and 10 c.c. of water* Let stand in the cold until 
all the iodine dissolves. Then transfer to a graduated flask 
and dilute to one litre. 

One cubic centimeter of this solution should be equiva- 
lent to 0.0005 gram of sulphur. If five grams of metal are 
taken for the analysis each c.c. of iodine solution consumed 
will be equivalent to 0.01 per cent, of sulphur. 

In the reaction HaS + 2 I = 2 HI + S, two atoms of I are eqiil ta- 
lent to one atom of S, or 253.7 by weight of 1 =32.06 of S. To find the 
amount of I, which must be contained in 1 c.c» to giyo a Golutioo of 
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the above value in sulphur, make the proportion .0005:3- = 32.06:253,7, 
This gives x == ,0039,57, which aniount iu 1 cc. will be 3.957 grams 
per litre. 

Iodine is insoluble in water, but is easily and rapidly dissolved in 
a very concentrated solution of KIi though very slowly in a dilute one. 

The iodine solution is not constant; hence, Ita strength must be 
determined frequently. 

Standardi::mg the hdine Solution, — Prepare the following 
solutions: 

A* 8 grams crystallized sodium thiosulphate dissolved 
in water and diluted to one litre. 

B. 0.1531 gram of fused potassium bichromate is dis- 
solved in water and diluted to 100 c.c. If more convenient 
this solution may be made by diluting 10 c.c. of the bichro- 
mate solution used in the iron assay (of which 1 c*c. equals 
0.01 Fe) to 57»1 c c. 10 c.c. of this solution will liberate 
iodine from KI equivalent to .005 sulphur. 

Measure with a pipette 10 ex. of the thiosulphate solution 
A into a beaker. Add 100 c c. of water and 1 c.c. of starch 
solution. Now run in the iodine solution from a burette until 
the last drop gives a decided blue color not disappearing on 
stirring. Note exactly the amount used. Repeat the de- 
termination two or three times, (the results should agree 
almost exactlyi) and take the average as the amount of iodine 
solution equivalent to 10 c.c. of the thiosulphate. 

Measure 10 c.c. of the bichromate solution B into a 
beaker. Add 50 c.c, of cold water and then'about 0. 5 gram 
of pure KI. When the KI is dissolved add 5 c.c. of concen- 
trated HCl. 

The KI must be free from i«idate. It may be tested by dissolving 
a portion in water, adding some starch solution and a little HCl- The 
liquid should not show more than a trace of blue color and should 
become absolutely colorless on the addition of a small drop of the 
thiosulphate solution. The acid used must be free from chlorine or 
ferric chloride* When diluted it should give no blue color on the 
addition of KI and starch. 
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Let the mixture stand six or seven minutes without 
warming (which would volatilize iodine). Dilute to 100 c.c. 
and add 10 c.c. of solution A and 1 c.c. of starch solution. 
Should this color the liquid blue, add 10 c.c. more of the 
thiosulphate solution which will make it colorless. The 
first ] C.C- is usually sufficient. Now immediately titrate the 
excess of thiosulphate with the iodine solution, adding it 
till the blue color is developed. Note exactly the volume of 
the solution used; call it R. 

It is important that there be no delay between the addition of the 
solution **A" and the iodine titration on account of the presence of 
free HCl in the liquid. Thiosulphate is slowly decomposed by HCl 
with the separation of sulphur and the formation of H2SO3 which 
absorbs twice as much iodine. 

By keeping the excess of thiosulphate small and titrating it 
within one minute, correct results can be obtained. 

Now the difference between **R'' and the number of c.c. 
of the iodine solution that are equivalent to the number of 
c.c. of the thiosulphate solution "A" added to the bichromate 
and iodide as above, is the volume of the iodine solution that 
is equivalent to 0.005 gram sulphur, and 0.005 divided by 
this difference is the value in sulphur of 1 c.c. of the iodine 
solution. This is the factor by which to multiply the num- 
ber of c.c. taken in the analysis in order to obtain the 
amount of sulphur present- 

Exam'ple', Suppose 10 c.c. of solution "A" equals 10.6 c.c. iodine 
solution. Second, that 20 c.c. of ''A" were added to the 10 c.c. of *'B»' 
and the KI, and that the mixture required 9.8 c.c. of iodine solution 
on the titration back; that is, **B" equals 9.8. As the 20 c.c. of **A" 
alone would equal 21.2 c.c. of iodine, we have 21.2—9.8 = 11.4, which 
is the number of c.c. of iodine solution equivalent to 0.006 of f. Mhur. 
Because this is the sulphur equivalent to the iodine that is liberated 
from the KI by the bichromjate. Further, 0.006 divided by 11.4 equals 
0.000439, which is the amount of sulphur to which 1 c.c. of the 
iodine solution is equivalent. 

The reactions upon which this process of standardizing depend 
are: 
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1. 2 Na,8,0, 5 H^O + 21 = 2 Nal + NaaS^Oe + 5 U^O. (The 
crystallized thiosulpbate contains 5 molecules of water.) 

2. K.Cr.Oy H- 6 KI 4- 14 HCl = 8 Ka + 2Cr Clj+ 7 H,0 + 61. 

Two molecules of tbiosulphate weigh 496.64, and as 2 molecules 
of thiosulphate are equivalent to 2 atoms of iodine (253.7) we have 
the proportion 496.64:263.7 = 7.75:3.957, 7.75 being the amount of 
thiosulpbate which should be dissolved in 1 litre to give a solution 
equivalent to the iodine, but as it is desirable that this solution be a 
a little stronger, 8 grams are actually taken. 

The tbiosulphate solution is not constant, hence cannot be used 
as an absolute check on the iodine solution, but only as a means of 
comparing it with an absolutely known amount of iodine. This 
definite amount of iodine is obtained from the action of bichromate 
on an excess of KI in the presence of HCl. The reaction between 
KI and K^Ct^O^ is not instantaneous, but rapidly becomes complete^ 

The relation between the K.Cr.Oy and the I is 294.5: 761.1, hence 
0,01531 KaCrgOy will liberate 0.08957 gram of iodine, the amount 
which should be present in 10 c.c. of the iodine solution if its strength 
were exactly right. 

The operation itself consists therefore in finding how much of 
the iodine solution to be standardized, is required to titrate the 
amount of the thiosulphate solution which is equivalent to exactly 
0.03957 gram of iodine, as liberated by the bichromate. Thus we 
find first how much of the iodine solution is equal to a certain amount 
of the thiosulphate solution ; second^ how much of the same iodine 
solution is equal to what is left after the same amount of thiosulphate 
has been acted upon by 0.03957 gram of iodine, and the difference is 
obviously the amount of iodine solution which contains 0.03957 gram 
of iodine, that is to say will be equivalent to 0.005 of 8; but this 
should be 10 c.c, hence the difference between 10 and the amount 
taken is the amount the solution is off the standard. 

The only precautions to be noted are the necessity of giving time 
for the KgCraOy to react on the KI and the necessity of avoiding Aea< 
as iodine is readily volatilized from this solution. 

The HCl used must be free from all impurities which liberate 
iodine from KI (CI, FeClg, CuClj, etc.). 

The iodine solution may also be standardized against a sample 
of iron or steel similar to that to be analyzed in which the sulphur 
has been accurately and repeatedly determined by the direct oxida- 
tion or nitric acid method. 

Treat a given weight of the metal by the regular process and 
determine the volume of the iodine solution required to titrate the 
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H28 evolved Then from the known sulphur percentage in the 
metal calculate the sulphur value of 1 c*c. 

Make afactorof correction to apply to the iodine BOlution, This 
method of Btandardizing has the advantag^e of causing all errors of 
solution^ evolution and oxidation to affect the standard and sample 
aiikei and makes the evolution method give results comparable with 
the gravimetric method. It should alTvays be used where a material 
of generally uniform character has to be tested as manufactured. As 
the heat treatment and the nature of the metal cause ditfereuces in 
the percentage of sulphur evolved as HgS> an iodine solution stand- 
ardized on metal should never be used for a metal made by a diifer* 
ent process, as for example, one standardized on pig iron for steel. 
See Wilson, Jour, An. and App. Chem,, VoL V, p. 439. 

Cadmium Solution ^^-jyissolve 4 grams of cadmium chlor- 
ide in 100 c.c. of water, and when dissolved add an equal 
volume of strong ammonia. 

Apparatus. — This consists of a 500 c.c. flask, funnel tube 
and delivery tube similar to that used in the Drown method. 
(See Fig. 3.) The delivery tube should extend to the bottom 
of the large test tube which should be 1 J4^ to 1 j^ inches in 
diameter and 8 inches deep. Only a single receiving tube 
is necessary in this process, there being no danger of H2S 
passing through unabsorbed even with a very rapid evolution 
of the gas. In place of the test tube some use a large flask^ 
diluting the absorbing liquid correspondingly. The titration 
may then be made in the same flask without transferring the 
liquid. 

Amount of Metal Taken.— ^hi'S may be § grams for ordi- 
nary irons or 10 grams if the sulphur is very low. If the 
iodine solution is a little "off' the standard;" that is, if 
10 c.c, are equal to a little more or less than 0.005 sulphur; 
it is more convenient, instead of correcting each reading by 
multiplying it by the true sulphur value, to change the 
amount of the sample taken so that I c-c. of the iodine solu- 
tion shall represent .01 per cent, of sulphur. 

For example: Suppose that the iodi 



weak and that 1 c.c. is only equal to 



solntion is too 
0004854 gram of sul- 
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phur instead of .0005 gram. In this case weigh out 4.854 
grams of the metal for the determination. Then obviously 
each c.c. of the iodine solution used in the titration will 
stand for .01 per cent, of sulphur, and the calculations which 
would be necessary if 5 grams had been taken will be 
avoided. 

The foregoing method of applying the correction factor of a 
volumetric solution to the amount weighed out may be applied to 
any similar process ; as, for example, in the determination of iron, 
phosphorus or manganese ; and where many analyses are to be made 
will save much time as well as diminish the chances of error involved 
in the calculations. 

PROCESS FOR THE ANALYSIS. 

Transfer the weighed metal to the flask. Pour 5 c. c. of 
cadmium solution into the absorbing test tube and add to it 
10 to 15 c.c. of strong NH^OH. Now fill the tube with 
water to a depth of at least six inches. 

Put 50 c.c. of concentrated HCl into the bulb of the 
funnel tube; then run it into the flask rapidly. But avoid 
so rapid an evoluticn of gas as to throw the liquid out of the 
tube or to make bubbles large enough to fill the tube. 
When the evolution of gas slows up, shake the flask con- 
taining the iron and then gradually heat it to boiling. 
Boil the solution gently until the iron is dissolved and very 
little gas continues to pass through the liquid in the tube. 
The solution in the tube must be kept alkaline by adding 
more NH4OH it necessary. The CdS separates as a yellow 
flocculent precipitate. 

When using concentrated HCl a considerable amount of 
acid distills over, b'tt by using sufficient ammonia it will do 
no harm. After the iron is all dissolved and but little more 
gas is coming over, remove the lamp and open the stopcock 
in the funnel tube. Now detach the delivery tube and empty 
the test tube into a large beaker or dish. Add 300 or 400 c.c. 
of cold water, and then enough HCl to dissolve the precipi- 
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tated CdS. Now add 1 c.c. of the starch solution and titrate 
with the iodine solution, adding it until the last drop changes 
the opalescent liquid to a deep blue not disappearing on 
standing two or three minutes. 

The number of c.cs. used, after correction for standard, 
will give the amount of sulphur in hundredths of a percent. 
Always make a blank test on the reagents ; they will usually 
consume a little iodine which must be deducted from that 
used in the analysis. 

Additional Notes on the Process. — Use pure gum rubber tubing 
in the connections. White or red rubber may contain metallic 
sulphides evolving HgS when acted upon by the HCl vapor, thus 
causing errors. 

It is essential that the process be carried through promptly. 
There should be no delay in titrating. If the solution containing the 
CdS be allowed to stand it may lose H^S or the sulphides may oxi- 
dize. This is especially important after the addition of the HCl, as 
the free H^S will oxidize very rapidly on standing. Zinc salts 
(acetate or sulphate) may be used in the place of cadmium with 
satisfactory results. 

The Use of Na OH instead of GdCl^'—'^hQ process is conducted 
as before, except that the absorption tube is filled with 80 c.c. of a 
fifteen per cent, solution of NaOH. After the evolution of the gas, 
wash out the tube into a large beaker, dilute as before with cold 
water, acidify, add starch solution and titrate. Most caustic soda 
contains a little iron as ferric hydroxide, which dissolves in the 
concentrated solution but separates on dilution ; hence, the 15 per 
cent, soda solution should be prepared some time before use, and the 
clear liquid decanted from the precipitate which usually settles. 
Test the solution also for nitrites and hypochlorites by acidifying a 
portion with HCl, and then adding KI and starch paste. It must 
show no blue color. In acidifying the soda solution before titration 
add a drop of phenolphthalein solution, and then add the HCl till 
the red color is discharged. The HCl must be pure. It will occa- 
sionally contain traces of SOg which would of course vitiate the 
results. 

The cadmium method is sometimes modified by filtering off the 
CdS and putting the filter and precipitate into a large volume of 
water, adding HCl and titrating. This avoids the presence of a large 
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amount of ammonium salts and of any hydrocarbons absorbed in 
the liquid. It has been claimed that these act slightly on the iodine. 
The advantage of this modification is very slight if any, as the 
evolution process usually gives low results any wav. 



\ 



THE DETERMINATION OF CARBON IN PIG IRON 
AND STEEU 

The carbon in gray pig iron mostly occurs as "free carbon " or 
graphite, A portion is, iiowever, combined with the iron, forming 
a carbide and coastituting the so-called '^combined carbon." 

In white iron and *' chilled iron^" as well as in steel, espaciaUy 
*' mild '' or low carbon steel, most of the carbon ia combined. 

Ferro silicon contains practically no combined carbon. The 
carbon in *' Malleable Iron '* (made by the prolonged annealing of 
white iron), contains carbon in an amorphous form, different from 
graphite^ bnt not in combination with the iron. When these metals 
are dissolved in hot HCl the graphite or free carbon Is left undis- 
solved as a Macl£ scaly or spongy residue; while the combined car- 
bon, uniting with the hydrogen, forms hydrocarbons part of which 
remain in the liquid and residue and part of wiiich pass off in the 
gas. The uucombined carbon is also left in the residue if the metal 
is dissolved in HXO3 sp, gr. 1-2, none of it being oxidized by the 
acid. In tliis case, the combined carbon all passes into solution, 
forming a highly colored compound which gives a more or less in- 
tense brown tint to the liquid. 

Carbon is usually determined after oxidizing it to COj, the gas 
being absorbed in a weighed amount of KOH, or other absorbent. 
The gas may also be determined by measuring its volume by the 
processes of gas analysis. 

Journal Soc. Chem, Ind., 9, p. 70« ; 10, p, e>&B ; ;vlso p. 1083. 

It can also be determined by absorbing it in a solution of 
Ba(OH)a and filtering o:ff and weighing the BaCOa formed. For 
details see ''Methods of Iron Analysis,'' P, C. Phillips. 

The carbon is converted to CO 3 when iron is completely burned 
in oxygen gas. Uufortunately this simple method cannot be used 
in most cases ^ because when iron fragments are heated in oxygen 
they become coated with a layer of oxide, which protects the in- 
terior from the further action of the gas, and so a portion of the 
carbon remains unburned, even hours of heating failing to reach 
it all. 

Hence, this method is only applicable where the iron can be re- 
duced to a very fine poiuder^ a condition unattainable in practice with 
many irons. 

Usually the first step In the determination of carbon is to lib- 

tfrom the iron, by dissolving the latter in some solvent 
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which will not act on the carbon but will leave it all unattacked in 
the residue. 

The carbon thus liberated is filtered out on to ignited asbestos 
and then burned to CO,, in oxygen or by heating with chromic acid 
and sulphuric acid. 

Several solvents have been used. The essential condition is 
that no hydrogen gas be liberated, as it will form hydrocarb ons 
and carry off carbon, and that no strong oxidizing agent be present, 
which will oxidize carbon. 

The most rapid solvent for iron which fulfills these conditions is 
a saturated solution of potassium or ammonium cupric chloride. 

The reaction by which the iron is dissolved is 

Fe + 2 (Ka Cu CI4) = Fe CI, + Cu, CI, + 4K CI.. 

The K 01 serves to hold the cuprous salt in solution and greatly 
hastens the action. 

This solution has a tendency to dissolve organic matter, which 
is liable to be subsequently precipitated with the carbon in the 
steel. This is especially true of the ammonium salt. It being very 
difllcult to obtain it free from organic matter, (derived from the 
ammonium salts used in its manufacture.) The salt should be 
thoroughly purified by re-crystallization. The potassium salt is 
more easily obtained free from this contamination and for this 
reason is to be preferred. 

A large excess of the solution is required to prevent separation 
of metallic copper with the carbon. 

The carbon residue retains chlorides very difllcult to wash 
out, and which cause trouble in the subsequent combustion. If any 
metallic copper is precipitated and left mixed with the carbon, it 
will form basic subchlorides nearly insoluble in water. The npongy 
carbon is best freed from chlorides by treatment with dilute HCl 
and then washing thoroughly with water. 

Instead of using a neutral solution of potassium cupric chloride, 
it is usually acidified with a little HCl. The presence of this acid 
will cause no loss of carbon, provided the solution is kept cool 
while the iron is dissolving. 

The solution after having been used can be regenerated and 
used again by passing chlorine gas through it until the CugCl, is 
changed back again to CuCla- 

Sargent, Journal American Chem. Soc. 1900. Page 210. 

For important papers on the carbon determination consult — 

Trans. Am. Inst. Min. Engs., vol. XIX, p. 614. 

Jour. An. and App. Chem,, vol. V, p. 129. 

Jour, An. and App. Chem., vol. V, p. 122. 

Journal Am. Chem. Soc , 1898, Page 448 and 526; 1895, Page 878; 1898. Page 243. 
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Process — Solution of the Metal and Separation of the Carbon. 
Prepare a solution of the double chloride of copper and am- 
monium or potassium. Use the purest crystallized salt 
obtainable. Dissolve one part in three parts of pure water, 
free from grease or organic matter, adding about 5 per cent. 
of concentrated HCl. Let the liquid settle, decant oflF the 
clear solution, and filter any turbid portion through ignited 
asbestos. 

Weigh out 2 grams of pig iron, 3 grams of high carbon 
steel or 5 grams of low carbon steel or wrought iron. 
Put this metal into a 200 or 250 c.c. beaker, and add at once 
the copper solution, using 50 c.c. for each gram of the 
sample taken. Stir the liquid continuously until the iron 
is dissolved. 

If an air blast is available, this stirring can be accom- 
plished by blowing air through the liquid. The air should 
be first passed through a tube filled with absorbent cotton to 
filter out any dust. 

The completion of the reaction is recognized by the 
residue becoming light and 'flotant.'' At first more or less 
copper will separate, but continued stirring will bring it into 
solution. 

As soon as all the separated copper has disappeared, let 
settle a few minutes if necessary and decant onto an asbestos 
filter, disturbing the carbon as little as possible. Add 10 
c.c. of dilute HCl (1:1), washing down the sides of the beaker 
with this acid. Decant this through the filter. When the 
liquid has all run through wash out the beaker and transfer 
all adhering carbon to the filter with the dilute HCl. 

Wash the carbon on the filter twice with acid. Let the 
acid run through slowly to give it time to act. Now wash 
with water until all the HCl is removed and the filtrate does 
not react with Ag NO3. 

The filtrate will be dark colored at first, but when 
diluted with the HCl and water will become lighter, and 
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then must be carefully examined to see that no particles of 
carbon have run through the filter. 

The drillings of metal must be free from all grease or inter- 
mixed particles of wood, straw or paper. They may be separated 
from the latter by a magnet, and from the former by washing them 
with pure ether, and drying. Care in drilling and handling the 
sample will render this treatment unneoessary. 

The ** weighing out '^ of pig iron for this carbon determination 
is a matter of great difficulty, as the flue, dusty portion is usually 
higher in carbon than the lumps. A method proposed by Dr. Shimer 
is to moisten the drilllugs with alcohol, so that the fine may stick 
to the coarse. Then take a portion of approximately the right 
weight, put it on a weighed watch glass, dry it carefully and re- 
weigh. Use this amount in the determination* 

Preparation of the Asbestos Filter, — The form of filter 
shown in Figure 4, is a slight modification of one described 
by Professor Arnold in his " Steel Works 
Analysis '' It will be found very conveni- 
ent. A is an ordinary heavy glass filtering 
flask such as is used with the Bunsen 
Filter Pump. It should have a capacity of 
about 500 c.c. B is a piece of glass tube 
with a uniform bore of about ^^ of an inch 
and about 9 inches long. This passes 
through the rubber stopper in the neck of 
the flask. The hole in this stopper can 
be drilled with a large cork borer moisten- 
ed with a dilute solution of KOH. Into 
this tube a second tube C is inserted. 
This is of such a size as to just slip freely 
through the larger tube. It should be 
about one inch longer than the first tube 
and have the ends ground oflF square. The 
apparatus should be so arranged that when 
the smaller tube rests on the bottom of the 
flask it will leave about two-thirds of the 
upper tube unoccupied. Now cut a disc of platinum 




Fig. 4. 
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foil of such a size that it will freely slip into the larger bent 
and rest in place on the end of the inner tube. This 
platinum disc should be punched full of holes with a needle. 
It is advantageous to solder (with a bit of gold and a blow 
pipe), a piece of stiflF platinum wire, E. to the center of 
this disc which will stick down into the lower tube and 
keep the disc in place. This wire will also serve as a con- 
venient handle for lifting the platinum from the asbestos 
matt after it is removed from the tube. 

Prepare the asbestos ior the felt as follows : Select long 
fibered asbestos. (Not the " cottony '* kind, but that with 
rather stiflF fibers). Cut it across the fibre into pieces ^ 
of an inch long. Ignite these in a platinum crucible at a 
low red heat for at least thirty minutes. When cool trans- 
fer them to a clean porcelain mortar and " macerate *' them 
to a pulp with strong HCl. Now dilute the paste with a 
large amount of water, pour into a beaker and allow the 
mixture to settle until the fibrous mass collects at the bot- 
tom, leaving the fine, milky silt still in suspension. Decent 
from the fibers and repeat the washing until the wash 
water comes oflf only slightly milky. Asbestos prepared in 
this manner makes a felt that filters very rapidly. If the 
fine slimy material that is formed during the felting is left 
in the mixture it will clog the filter and make it work badly. 
Preserve the ielt in water in a stoppered bottle. To form 
the filter pour enough of the suspended felt into the tube to 
form a layer about ^ of an inch thick when drawn down 
by suction on to the platinum disc in the tube, then attach 
the suction pump. Exactly the right amount must be learn- 
ed by experience. But when right it will filter rapidly and 
yet retain the finest carbon. 

Draw a little water through the felt to wash it before 
pouring on the carbon solution. After the carbon is filtered 
and washed take the stopper with the tubes out of the bottle, 
wash oflFthe smaller tube and then push it carefully throueh 
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the larger tube, forcing out from below the disc carrying the 
felt and carbon. The felt and carbon can now be dropped 
into the combustion flask or into a platinum boat for com- 
bustion in oxygen. With a little care no carbon whatever 
will be left adhering to the tube. Should a little adhere 
it can be washed oflF into the flask with a few drops of water 
or wiped off with a small tuft of ignited asbestos. 

DETERMINATION OF THE CARBON BY OXIDATION WITH 
CHROMIC ACID AND WEIGHING THE COg PRODUCED. 

Carbon in any form is rapidly and completely oxidized to COj 
when heated with chromic acid and an excess of sulphuric acid. 

It is essential that the sulphuric acid be sufficiently concentrated ; 
if too dilute, the oxidation will be incomplete and some CO will be 
formed which will escape the absorption apparatus. The strength 
of acid necessary depends somewhat on the condition of the carbon, 
as the amorphous carbon from steels is more easily oxidized than 
the graphite from pig iron. In no case should the mixture contain 
less than 70 per cent of H2SO4 while for pig irons enough should be 
present to give, on boiling, a trace of white fumes of H2SO4. If not 
present in large amount these white fumes will be arrested in the 
purifying train. They represent only a very minute quantity by 
weight. When the acid is of this strength the mixture will give off 
some oxygen gas on boiling. 

If the carbon retains chlorine or chlorides, chlorine and chloro- 
chromic acid gas may form, escape with the COg and be absorbed by 
the KOH, vitiating the results unless special means be provided for 
absorbing them in the purifying train. 

The H3SO4 used must be purified from all organic matter. 

Arrangement of the apparatus, — Fig. 5 shows a convenient 
form of train for the use of students. It is compact, needs 
no special clamps, and can be taken apart and set away in a 
laboratory desk. C is an Erlenmyer flask of about 250c.c. 
capacity, fitted with a 2-hole rubber stopper; into one hole is 
inserted a bulb funnel tube B, having a glass stopcock, and 
into the other a delivery tube M, for the gas. 

This latter should be of rather large diameter and so inclined 
that everything condensing in it will run back into the flask. It is 
a good plan to have it cooled by a "water jacket" D, consisting of a 
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Fig. 5.— Carbon Train for chromic acid method. 
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larger tube surrounding the smaller, the space between the two be- 
ing filled with water. 

A small "guard tube" A, filled with "soda lime'* is fitted 
to the top of the funnel tube. 

This serves to remove any CO, from the air drawn into the flask. 
It must be arranged so as to be easily connected and disconnected. 

The delivery tube is connected with the purifying and 

absorbing apparatus (or "train") arranged in the order shown. 

"E" Fig. 5 is a bottle ot 50 or 76 c.c. 

capacity, containing about 30 c.c. 

of a solution of silver arsenite in 

dilute sulphuric acid. 

This serves to absorb any HCl, CI, or 
CrOaClg in the gas. A solution of silver 
sulphate may be used instead, but this 
does not absorb chlorine nor chloro 
chromic acid and is usually preceded Ij^ 
by a bottle containing pyrogallic acid 
dibsolved in a solution of potassium 
oxalate (Langley). When using the 
arsenite this is unnecessary, as it is 
oxidized to arsenate by the chlorine and 
the silver precipitated as chloride. 

The arsenite solution is prepared as follows : Dissolve 
2 grams of pulverized AS2O8 in the smallest possible quan- 
tity of a dilute solution of KOH. Dilute to 250 c.c. and 
add dilute H2SO4 till the solution is neutral to litmus paper. 
Now add a solution of AgNOs as long as a yellow precipi- 
tate forms, carefully keeping the solution neutral by adding 
a solution of KOH drop by drop as needed. Stir the liquid 
till the precipitate clots and let it settle, and wash it 
thoroughly by decantation. Finally dissolve the precipitate 
in a slight excess of dilute H^SOi. (10 per cent.) Dilute 
to about 150 c.c. and filter from any undissolved AgCl. The 
solution keeps well. 

The silver sulphate is made by dissolving about 0.5 gram of AgNOg 
in a little water adding 1 c.c. concentrated H^SO^f evaporating till the 




Notes on Metallurgieal Analysis, 



119 



Hl^Og 18 all expelled, coaling and diluting largely with water. 
AggSOi is only sparingly soluble. 

'* F '' is a bottle containing 20 or 30 c.c. of pure concen- 
trated H2SO4. 

This takes out all the water vapor from the gas. 

'*G** is a U-ttibe containing granular CaCl^* Fill about 
an inch of the tube, on the side next to the H2SO4 with 
cotton and moisten the top of this with a drop of water, 
(Blair). It is shown with its connecting tube in Figure 6 

The object of this CaCla is to absorb HyO and tohring the gaa 
stream entering the absorption apparatus (H and I) into the same 
condition as to moisture, in which it leaves it. H2SO4 will dry air 
more completely than CaClgT hence if the gas entered through 
H3SO4 and left through CaCi^ it would carry out more moisture from 
the KOH bulbs than it brought in and so reauU in loss of weight. 
It also serves to catch any white fumes of HgSOi carried over hy 
the gas. 

Dried CaCi^ and not the fused salt should be used, This latter 
ifi usually alkaline from free CaO and will absorb some CO^- 

** H '* (Fig. 5) shows the Liebig*s potash bulbs. These 
contain a clear solution of KOH of about sp. gr. 1.27, 
(about 30 per cent.) 

This solution absorbs the CO^, but not completely unless the gas 
stream is slow. The solution gives up a little water to the gas pass- 
ing through. If made stronger than directed it deposits Kat;©^ 
which may clog up the tube. 

As caustic potash frequently contains nitrites and almost in- 
variably traces of Fe (OH) 3, a fresh solution will absorb oxygen, the 
Fe (OH )i gradually precipitating as Fe(OH)a. If the potash bulbs 
are filled with such a solution they wiU frequently continue to in- 
crease in weight for some time if air alone is aspirated through them. 
This troublesome difllculty may he entirely overcome if the potash 
solution is heated to boiling before usingf and a solution of potassium 
permanganate added drop by drop until a faint persistent green tint 
is produced. The liquid is then allowed to cool and settle, and the 
clear solution decanted for use. 
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" I '' is a small U-tube, with the limb next the potash 
bulbs filled with granular soda lime. This should not be 
too dry. The other limb is filled with granular CaCU. 

This tube serves to catch the trace of CO3 escaping the bulbs, 
and also to retain the moisture carried over from the potash 
bulbs. Soda lime is a more rapid and complete absorbent for COg 
than the KOH in the bulbs, but it is soon exhausted. By letting the 
bulbs do most of the work and only using the soda lime as a guard, 
it lasts for several operations and retains every trace of the COg. 
The potash bulbs and the soda lime-f-CaClg tube, are the parts of 
the train to be weighed. They may be weighed separately or to- 
gether. In the latter case they should be permanently combined 
into one piece as shown in fig. 6, A and B, a very convenient arrang- 
ment. The ends of the tubes are bent over, as shown at F and G, (fig. 6.) 
When connected up, the tube and bulbs should so support each other 
as to stand upright safely. 

'J'' is a U-tube similar to the last, but larger, having 
the limb next to I filled with CaCl^, and the other with 
granular soda lime. 

This serves as a guard tube to prevent moisture or COj working 
back into the absorption apparatus from the aspirator. It can be 
used almost indefinitely without becoming exhausted. 

"K*' is an aspirator for sucking air slowly through the 
apparatus. 

This must be arranged so that it can be easily attached and de- 
tached. It can be made from a five-pint acid bottle by boring a hole 
near the bottom with a pointed file dipped in turpentine, fitting a 
glass tube in this by a rubber ring and then attaching to this a rubber 
tube and pinch-cock. 

Notes on the above Apparatus, — It is essential that none of the 
chromic acid solution come in contact with the rubber stopper or con- 
nections, as it would, of course, form COg . For similar reasons it is nec- 
essary that the glass stopcock in the funnel tube be free from grease 
of any sort. 

A flask provided with a ground glass cap, into which the tubes 
are fused, may be substituted for the cork flask as described. 

Liquids always absorb some CO2, hence the volume of all absorb- 
ing liquids used in the purifying train must be small. The CO 2 ab- 
sorbed is, however, given up again to a current ofair passed through 
them for some time. 



Notm on MetaUurgioaZ Analysis. 



121 



Setting- up and Testing the Apparatus, — The connection 
tubes are united by short rubber tubes. These must 
be carefully tied with thread or wire, as it is essential 
that the whole apparatus be air tight. Rubber stoppers are, 
of coursei the best, but good ordinary corks can be used if 
rolled soft and carefully bored and fitted. Sealing wax 
should not be used on these, corks to make the joints tight ^ 
as it is liable to crack and leak unexpectedly. The 
potash bulbs and U-tube may be "capped" when disconnect- 
ed, by short rubber tubes*closed with bits of glass rod. These 
caps must always be removed for a moment and then re- 
placed just before weighing, that the air pressure inside and 
outside the bulb may become equal* 

If the ends of the glass 'tubes are heated until they draw together 
leaving only a small openiog^the size of a knitting needle, the rubber 
**caps'^ need not be osed, provided the weighing- is promptly done, as 
these small holes will not admit ol any noticeable diffusion of mois- 
ture into the bulbs. 

It is desirable to pass some CO2 through the apparatus 
after first setting it up, in order to saturate any alkaline 
material present in the CaClg, etc. When this is done the 
weighed part of theitrain;is, of course, omitted. Connect up 
the train, leaving out*theJparts H, I and J. Put a little mar- 
ble in the flask, add a little dilute"^H2S04 so as to generate a 
slow stream of CO 2. Let this run through the portion of 
the train remaining for'. about thirty minutes. Disconnect 
and wash out the flask, replace it, and then aspirate air until 
three or four litres have|been slowly drawn through the ap- 
paratus. 

Now connect up the whole train and attach the aspira- 
tor. Close the stopcock in the funnel tube of the flask and 
see if all connections^are tight. This is shown if the water 
entirely stops running Jrom, the aspirator. Let in air cau- 
tiously by opening the stopcock in the funnel tube. Attach 
the soda lime guard- tube to the funnel tube and aspirate 
one or two litres of air carefully (not over one or two bub- 
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bles a second). Disconnect the bulbs and the U-tube, cap 
them, and wipe them carefully. Set them in or near the 
balance case until they attain its temperature (ten or twenty 
minutes). Uncap them a moment, replace the caps and 
then carefully weigh them. Replace them in the train and 
aspirate 1500 c.c. more, of air detach and reweigh them. 
The KOH bulb will lose (due to giving up moisture) and the 
U-tube will gain weight. The loss in one must equal the 
gain in the other. The total weight of the absorption appa- 
ratus must not change more than one-half milligram. 

Treatment of the Carbon Residue from the Iron. — Transfer 
this to the flask C, using a little water if necessary to wash 
out the filter tube. The total amount of liquid in the 
flask must not exceed 20 c.c. Now dissolve four grams of 
chromic acid in 4 c.c. of water, and pour it into the flask 
through the funnel tube, foUowii^g it with 2 or 3 c.c. of 
water to wash out the tube. Now put into the bulb of the 
funnel a quantity of concentrated H2SO4, equal to about two 
and a half or three times the volume of the liquid in the 
flask. 

This volume can be estimated by pouring water into a second 
similar flask until it appears to contain the same amount of liquid as 
the first and then measuring the quantity used. 

The acid used should be purified from any trace of organic 
matter that it may contain, by adding a little chromic acid to a quan- 
tity of it and then heating it to about 200° C for a few minutes. Let 
it stand till cool before using. 

Now open the stopcock and run the acid slowly into the 
flask, being careful to avoid too violent action. When the 
acid is all in, shake the flask around carefully to mix the 
contents. 

The evolution of CO 2 will begin at once. Finally heat 
carefully to boiling, so regulating the heat that the evolution 
of the gas does not take place too rapidly. The gas should 
not pass through the potash bulbs faster than 2 or 3 bubbles 
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per second. The boiling should be continiied for two or 
three minutes* At the end of this time but little gas 
should be coming over through the bottles; but as. some 
oxygen is likely to be given off by the chromic acid mixture, 
it is usually not possible to continue boiling till the evolution 
of gas ceases. Now withdraw the lamp and immediately 
open the stopcock of the funnel tube to admit air and pre- 
vent back suction. Connect the funnel tube with the soda 
lime guard tube, and let the apparatus cool a few minutes. 
Then aspirate carefully until a volume of air has been drawn 
through equal to seven or eight times the capacity of the 
apparatus. 

Detach the absorption apparatus and weigh it. The 
total gain in weight will be the amount of CO2 formed, and 
this multiplied by 0.2727 gives the amount of carbon in the 

sample taken. 

The greatest care and '*handinesB** are necessary, but with skUl 
duplicates should agree within 0,01 per cent. 

The solutjon should not be brought to the boiling point too 
rapidly. By raising the tennperature slowly time is given for the 
reaction and most of the carbon will be burned before the liquid be- 
gins to boil* If much unoxidized carbon is present in the boiling 
liquid particles of it are likely to be carried up on to the sides of the 
flask where they will adhere and so escape oxidation* 

If white fumes fonn toward the end of the boiling^ let the fiaak 

cool until they disappear before aspiratiug. 

The foregoing method of deteruiiuing carbon by combustion with 
chromic acid is very accurate if conducted carefully. It has the ad- 
vantage of demaodiog no special or expensive apparatus. 



THE DETERMINATION OF THE CARBON BY COMBUSTION 
IN OXYGEN. 

In this method the residue from the solution of the Iron in 
cupric potassium chloride is burned in a current of oxygen gas and 
the COa produced absorbed by KOH solution as in the chromic acid 
method* The results are very accurate. At a red heat the combus- 
tion of the carbon is rapid. The carbon is not entirely burned to CO, 
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some of it escaping as CO. In order to insure the complete oxida- 
tion of the CO as well as any other volatile compounds containing 
carbon, the products of combustion must be passed over red hot CuO. 
As the carbon residue from the iron always contains sulphur and 
frequently chlorine, the gas from the combustion will contain SOj and 
CI or HCl. As these would be absorbed by the potash bulbs it is nec- 
essary that they be removed before absorbing the CO,. This is ac- 
complished by passing the gas over hot lead chromate which holds 
the sulphur as lead sulphate and also some of the chlorine as chloride, 
and then over silver foil which will catch any chlorine escaping the 
lead chromate. 

Apparatus and Reagents. — Oxygen gas: (see ultimate 
analysis of coal.) It is essential that this be free from any 
carbon compounds not removable by passing the gas through 
a solution of KOH as they would form CO2 in the combus- 
tion tube. 

It should be tested by passing about 500 c.c. through the 
purifier and hot tube as in an actual combustion. There 
should be no increase in the weight of the potash bulbs as 
this would indicate the formation of some COg. 

If not pure it may be purified before entering the com- 
bustion train by passing the gas through a tube filled with 
CuO and heated in a second furnace. This will burn any 
hydrocarbons and the CO2 formed will be removed by the 
purifying train. 

If the oxygen is carefully made and kept in a clean gas 
holder this preliminary treatment is not necessary. 

The gas must not be passed through long rubber tubes 
as it is liable to take up hydrocarbons from the rubber. Use 
glass tubes with short rubber connections. 
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The gae holder shown In 
fl^. 7 was deelgoed by the 
writer some years ago; it has 
the advantag^e of keeping the 
ga® at constant preBSure, a 
point of some importance In 
combustion work as variations 
in pressure aifect the rate of 
flow through the furnace. 

A is a drum of tinned copper 
14 inches in diameter and 24 
high. It is pro%^ided with a 
Btopeocki H, for drawing out 
the gas and a gauge, B, for 
showing the level of the water 
in the drum. I is an opening 
near the bottom of the drum for 
letting out the water when flll- 
A-flfllllllll Nllllll IIHli^ t lUIIIH ing the tank with gas. When 

using the tank this opening is 
closed with a good rubber stop- 
per, The gas is run into the 
tank through the cock H or by 
a tube inserted Into I and 
small enough to allow the 
water to eacape around it* 
The arrangement for forcing 
the gas out of the tank is as 
follows: Water is kept run- 
uiog into the cup, E, on top of 
Fio, 7 Oxygen Hohier, the drum at such a rate as to 

overflow continuously through one of the side openings » F, into a 
sink. The head of water on the gas is determined by the open- 
ing selected, the others being closed by corks. From the bottom of 
this cup a pipe, D» runs down into the drum and into an interior 
cup, C» which fills with water and overflows through fcbe pipe G> into 
the bottom of tlie tank. 

It will be seen that the water will in this way fill the tank and 
force out the gas and yet the '''head'^ on the gas will always be the 
dilference in the level between the water in the cup E, and that in 
the cup inside the tank and thus remain constant. The interior cup 
can be made smaller than shown in the figure; it is only necessary 
that it have volume enough to allow for the expansion and con- 
trBMstion of the gas due to the ordinary changes of temperature in the 
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laboratory. If too small the gas may foree out the water and 
escape. The pipe, D, most be closed with a rabber stopper while 
the tank is being filled, or air will be drawn in by saction as the 
water escapes from L 




Fio. 8— Ooxnbostlon Train for Oarbon. 



TAe Combustion Train, — Fig. 8 shows a simple arrange- 
ment of this apparatus as used by the students in the writer's 
laboratory. It requires no special supports except the wooden 
racks, Q and P, which can be made by any carpenter. The 
whole train can be detached and set on a shelf when not in 
use. The U tubes are held in place by wire finishing nails 
between which they slide. The nails are covered with 
small rubber tubing to keep them from contact with the 
glass. The combustion tube I is of Jena glass and is about 
26 inches long and about half an inch internal diameter* 
The ends must project at least 3 or 4 inches from the com- 
bustion furnace so that the rubber stoppers G and L with 
which it is closed may not become heated and give off" vapors. 
The tube lies in a trough of sheet iron lined with thin sheet 
asbestos. 

Jena glass tubes distort on heating and cooling, so the 
trough carrying the tube must be large enough to allow perfect 
freedom for the tube to ''twist." The tube lasts a long time 
without breaking if treated in this way, but if in any way con- 
fined or fastened it will crack immediately. The first eight 
or nine inches of the tube are left blank to hold the boat, H, 
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with the carbon residue, then a small plug of asbestos is 
inserted. Following this are eight inches of CuO. 

The asbestos used in the apparatus should be boiled in HCl, 
washed, dried and ignited in order to remove traces of CaCO^ or 
other carbonates sometinaea present. 

The *' wire'' CuO should be used; the ordinary granular oxide 
sometimes contains carbon and carbonates which, of course, renders 
it useless. The CuO may be made in the tube by putting in copper 
gauze or wire and oxidizing it in a stream of oxygen at a red heat, 
but this oxidation takes a very long time and good ^*wire'' oxide can 
now be obtained which answers all purposes. 

Following the CuO is a second plug of asbestos and then 
two inches of pure fused PbCr04, J* This must be in mod- 
erately coarse lumps from which all fine material has been 
sifted out with a 20 or 30 mesh sieve. It must also be 
neutral and free from alkaline chroma tes Then a third plug of 
asbestos followed by three and a half or four inches of pure 
sheet silver, K, rolled up loosely or made into a zigzag by 
folding two strips over each other alternately and drawing 
out the packet. The silver should be removed from the 
tube occasionally and heated red hot in coal gas or hydrogen 
to decompose the coating of AgCl which gradually forms on 
it aod interferes with the absorption of the chlorine. 

Preceding the combustion tube is the purifying train 
for air and oxygen* This is shown to the left of the figure- 
It is made in duplicate, one side for air and one for the oxygen- 
This is important as it obviates the necessity for considering 
this part of the train in estimating the volume of air that it 
is necessary to aspirate after the combustion is finished. 

The smaller the volnme of air which will carry all the COjj ont 
of the corabusfcioD tube and into the potash bulb the less time will 
the analysis require and the less will be the danger of errors from 
insufficient puriification of the air, variations in moisture of the air 
entering and leairinjj^ the potash bulbs, and imperfect absorption of 
the CO3. For these reasons it is very desirable to keep the volume 
of the apparatus as small as possible. 

The purification apparatus for air consists of the 2 oz. 
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bottle, C, containing a small amount of potash solution and 
the 8-inch U-tube, D, the first limb of which is filled with 
soda lime and the second with dried calcium chloride. The 
air enters the bottle, C, through the bulbed tube E, which 
dips into the liquid. The large bulb serves to prevent the 
liquid overflowing in case of any back pressure. The soda 
lime and the calcium chloride are separated in the tube by a 
plug of absorbent cotton. The space above the salts in the 
tubes should also be filled with absorbent cotton. 

The apparatus for the oxygen is the same except that 
the large bulb, E, is omitted, the gas coming direct from the 
holder (here shown as the large bottle A). The oxygen and 
air are carried to the end of the combustion tube by 
means of the Y tube F. Each can be separately regulated 
by a pinchcock (not shown in the cut,) on the rubber tube 
connecting the U-tube and the Y-tube. 

This purifying train is not soon exhausted and will 
serve for many combustions. 

Following the combustion tube is the absorbing train 
consisting of the calcium chloride tube, R, the potash bulbs> 
M, with the guard tube, N, containing soda lime next to the 
potash bulbs and calcium chloride in the other limb, and 
finally the second guard tube, O, as in the chromic acid 
train. This tube must have the side containing the calcium 
chloride next to the first guard tube. 

Testing the Apparatus. — 1st. See that the connections 
are tight. This is tested as usual by attaching the aspirator. 
2nd. Heat the combustion tube to dull redness. See that 
the heating proceeds slowly, using a small flame at first or 
the tube may crack. The portion of the tube occupied by the 
silver foil should not be made red hot. Connect up the train 
and pass about 500 c.c. of oxygen through the tube. Now 
aspirate air to the amount of seven times the estimated vol- 
ume of the apparatus, detach the KOH bulbs with their 
guard tube and weigh them. Replace the bulbs and repeat 
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the process and agaia weigh the bulbs. If the change in 
weight does not exceed 0,5 milligram it proves the train to 
be in good condition and the oxygen free from any impurity 
which will aflFect the determination. 

Determination of the Carbon, — The carbon is burned in a 
small platinum or porcelain boat. This should be heated 
red hot and allowed to cool shortly before using in order to 
burn oflFany adherent dust or carbonaceous matter. The felt 
carrying the carbon is now removed from the filtering tube 
in the manner already described. Now holding the disc by 
its stem, detach the felt by a wire or knife blade and drop it 
into the boat. Wipe off any trace of carbon adhering to the 
tube with a tuft of ignited asbestos and add it to the boat. 
The boat and its contents can now be dried at 100° C till 
excess of moisture is removed. When it is dry withdraw the 
stopper from the empty end of the combustion tube and im- 
mediately introduce the boat^ pushing it up until it touches 
the asbestos in front of the CuO, Immediately insert the 
stopper and connect up the train with the recently weighed 
KOH bulbs. Start a slow aspiration of air (about one bub- 
ble a second). Now light the burners under the portion of 
the tube occupied by the CuO, the PbCr04 and the Ag, 
turning those under the two latter low. As soon as the CuO 
is red hot and the PbCrO^ just visibly red (the silver must 
not be red hot) turn on the burners behind the boat and then 
under it At the same time turn on the oxygen in place of 
air maintaining such a rate of flow as will cause the gas to 
bubble through the KOH bulbs very slowly. The oxygen 
will run in through the purifying train much more rapidly 
but as the gas is burned to form CO^^ only the unused oxygen 
and any intermixed nitrogen will escape through the bulbs. 
The carbon in the boat will begin to glow when the oxygen 
reaches it. 

The admission of oxygen must not be too rapid or the aBbestos 
may fuse and make trouble by profcocting carbon from combus- 
tion. The maximum rate mu^t be learned by experience. From 300 
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to 500 c.c. of oxygen will be needed for each combustion. The tube^ 
surrounding the boat should he brought to a red heat. The carbon 
will bum out in about ten minutes. 

The end of the combustion is usually indicated by the 
sudden cessation of the "glow." After this happens, con- 
tinue the heat and the gas supply for about two minutes ta 
insure the completion of the combustion. Now turn oflf the 
oxygen, turn on the air and start the aspirator. Air may be 
drawn through the bulbs at the rate of two or three bubbles 
a second without danger of CO2 passing unabsorbed. The 
amount of air required varies with the apparatus, but seven 
times the volume of the train is sufiGicient. With a compact 
train such as has been described, one litre is usually ample. 
While the aspiration is continuing, the burners can be turned 
out and the tube allowed to cool, unless a second combus- 
tion is to follow immediately, when only that part occupied 
by the boat should be allowed to cool. In this case as soon 
as the aspiration is finished a new boat may be introduced 
for a second combustion, of course using a second set of 
weighed KOH bulbs and guard tube. After the combustion 
is finished the KOH bulbs with their guard are detached 
and weighed, the gain in weight being CO2. 

It is necessary to aspirate till the oxygen in the train is replaced 
by air so that the bulbs may be filled before and after the combustion 
with gas having the same specific gravity. If the bnlbs are filled 
with oxygen before the combustion the air aspiration may be omitted 
and the CO a washed out of the tube by oxygen, the bulbs being 
weighed filled with oxygen at the end. This procedure is wastf ul of 
oxygen and in a train arranged to reduce the necessary amount of 
aspiration to a minimum saves but little if any time. The combus- 
tion method as above described is rapid and convenient and the re- 
sults are very accurate. The points needing special attention are the 
regulation of the air and gas fiow and the temperature of the different 
parts of the tube. The CuO must be bright red hot, the PbCr04 barely 
red and the silver foil under a red heat. Large connecting tubes 
should be avoided and by limiting the aspirating to the amount that 
is strictly necessary, the difficulty of obtaining constant weight of 
the KOH bulbs is reduced to a minimum. The bulbs must be 
weighed at approximately the same room temperature both before 
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and after the coml3iiBtion. Changes in this respect as well as exten- 
sive chang-es in the barometer will affect the apparent weight owing 
to the great difference in specific gravity of the braae weights and of 
tlie absorption apparatus. For instance^ an increase of temperature 
of lO'* C, and a drop in the barometer of three tenths of an inch acting 
together might change the apparent weight of an absorption bulb 
and tube weighing 75 grams and having a mean a p. gr. of 1.5 by 
about 2.S milligrams. Of course this would be an extreme case but 
it shows the importance of considering this source of error. Marked 
changes in the moisture in the air will also greatly affect the weigh- 
ings both by affecting the specific gravity of the air and more impor- 
tant by affecting the surface moisture of tlie apparatus. If the air is 
at or near the *'dew point^^ it is impossible to do accurate work. It 
bas been proposed to reduce these errors by counterpoising the bulbs 
by a pair of **dummy^'' bulbs so that variations would affect both 
alike. But this involves errors in maintaining the conditions alike 
for the two sets that may exceed those sought to be corrected. 
Care and watchfulness are all that are necessary to render the weigh- 
ings sufficiently satisfactory in the ordinary method. 

Instead of conducting the combustion in a glass tube it can be 
done in a platinum tube or in a porcelain tube or finally in a platinum 
cruciblCi using in this case a very ingenious apparatus devised hy 
Prof. Shimer, The following references cover these methods, 

Shimet. Carbos Combustions in a Platinum Cnidble, Jour. Am. Chem. Soc, July 1899. 
Sargent. Combustioo in a PorccLam Tube with, a Modified Train for very rapid Work* 
Jour. Am. Chem. Soc, May, IBM, 
For Combustiob In a Platinum Tuhe^ see Blair, The Chemical Analysis oFlroo, 4th Edition, 

THE DETEHMINATION OF CARBON IN STEEI- BY COLOR. 



This method is in genpral use in steel works. It depends upon 
the fact that when steel is dissolved in dilute HNO3 a brown com- 
pound containing the carbon forms* This goes into solution, on 
boiling, coloring the liquid more deeply as the percentage of carbon 
is higher. Pure iron dissolves in HNOg sp. gr. 1.2, giving a nearly 
colorless solution^ and from which every trace of color is removed by 
moderate dilution* 

The color produced by the carbonaceous matter is rapidly alter- 
ed by light. Ita depth depends somewhat on the mode of solution^ 
the concentration of the acid and the kind of steel, hence the pTocees 
must be conducted strictly according to rule to get concordant results- 
There is required : First, a standard steely which must be of 
exactly the same kind as that to be tested, and also similar in iti 
composition and of approximately the same carbon percentage. The 
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carbon in this must haye been acoorately determined gravimetrically. 
Second, nitric acid of sp. gr. 1.2 perfectly free from chlorine, the 
least trace of which will serionsly alter the color of the iron solution, 
making it more yellow. The above strength corresponds to 1 volume 
of concentrated acid to 1 volume of water. Third, comparison tubes 
of clear white glass, graduated in i^cc, and of exactly equal diam- 
eters. 

For comparing the colors an 
arrangement such as is shown 
in flg. 9, is convenient. It con- 
sists of a wooden box open at 
one end and closed by a sheet of 
ground glass at the other. The 
glass is covered with black 
paper, except the two slits. A, 
before which the tubes are 
placed and compared by the ob- 
server, who looks into the large 
end :of the box. The tubes are 
carried by a little rack, B, which 
can be revolved by turning the 
knob, C, and the tubes thus re- 
FiG. 9, Box for comparing color tubes versed Without taking them out 
of the box. This reversal of the tubes is important, as the eye will 
usually see the right hand tube darker. In the absence of such a 
'^camera*' a piece of wet paper on a window makes a good temporary 
back ground. 

If the steel contains much sulphur the solution will be slightly 
turbid from free 8. Comparison is difficult in this case. 

The volume of acid used should bear some relation to the per- 
centage of carbon present. The amount of metal taken must be in- 
creased when the carbon is low. It is essential that both standard 
and sample be treated exactly alike, as to the amount of sample 
taken, time of heating and volume of acid. It is especially impor- 
tant that the standard and the sample should have undergone the 
same **heat treatment" in their manufacture. Only the combined 
carbon is determined by the color method, any free carbon present 
not affecting the color. 

Process, — Weigh 0.2 gram of the steel and of the stand- 
ard, each into a 6-in. test tube. Add to each tube a measured 
volume of cold HNO3 sp. gr. 1.2 using the following amounts: 
For steels with not over ^^ per cent, carbon, 4 c. c; from ^ to ^ 



Note^ on Metallurgical Analysts, 



133 



per cent, 6 ac; from ^ to 1 per cent, 8 cc; and over 1 
per cent., 10 c.c. 

Stand the tubes in cold water till violent action ceases. 
Then set them in boiling water and heat until the solutionis 
perfectly clear and no more fine bubbles of gas appear. Keep 
the mouths of the test tubes closed loosely by little glass 
bulbs or balls to prevent drying of the iron salts on the sides 
of the tubes. The time required will be from 15 to 30 min- 
utes, according to the percentage of carbon in the steeh 
Now cool the tubes in water. Add an equal volume of water 
to each and pour into the comparison tubes. Dilute care- 
fully until the colors match. The percetitages of the carbon 
will be to each other as the volumes of the liquids in the 
tubes* 

Where a number of steels are to be tested at once it is convenient 
to dilute the standard until each e.c. represents some definite percen- 
tage of carbon, and then match it with the others, so that the read- 
ings in c,c. can be readily converted to per cents. For example, 
if the standard contained 0.38% C, dilute it to 19g.c.^ then if a com- 
parison showed tiie unknown eteel to read 16 c.c. it would obviously 
contain 0.32% carbon. 

Where the color carbon process is used on steels of comparative- 
ly uniform contents^ it is usual to take 10 e.c. of acid and then 
enough of the sample to give a sufllcieutly marked color with this 
amount; for example 0.5 gram of steel and 10 cc. of acid. In the 
case of very low carbon steel {under 0.2 per centi) 1 gram of steel 
may be dissolved in 20 c*c, of acid* 

The color process can be applied to pig iron and gives an approx- 
imate determination of its combined carbon. In this case a solution 
of tlie sample and of the standard must each be filtered through a 
small filter and the solutions compared. Filters of the same size and 
a pig iron standard must be used. 

The use of permanent standard colors, either organic or inorganic 
Bucli as the mixed chlorides of iron, copper and cohalti has been 
tried. This is not advisable as it does not provide for the variations 
in color due to slight differences In the treatment, as well as does 
the treatment of standard and sample together. For these methods 
see Trans, Am. Inst. Min. Engs. Vol. I, p. 240, and VoL XVI, p. IIL 

For verv low carbon steels the color is faint and uncertain. An 
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alkaline method has been ased on such metals. See Stead. Jour. 
Iron and Steel Inst. 1888, No. 1, p. 213. 

THE DETERMINATION OF THE GRAPHITE IN PIG IRON. 

When pij? iron is boiled with HCl or dilute HNO, the combined 
oarbon is converted into solid, liquid, or gaseous hydrocarbons; while 
the graphite is all left insoluble. The non-volatile hydrocarbons are 
soluble either in alkalis, in alcohol, or in ether. The graphite or an - 
combined carbon is not acted upon by any of these reagents but re- 
mains in the residue as a black mass. The residue may also contain 
hydrated silica and frequently titanium carbide and free sulphur. The 
silica holds water tenaciously and cannot be thoroughly dehydrated 
below a red heat. Titanium carbide is decomposed by HNO, but not 
by HCl: while sulphur is separated by dilute HNOg but not by HCl. 
Graphite is not at all oxidized by HNOg, sp. gr. 1.2. The use of nitric 
acid is preferable with gray irons low in combined carbon, while HCl 
is better for white iron high in combined carbon and for ferro sili- 
cons as these only dissolve with difficulty in HNOg. The carbon in 
the residue can only be accurately determined by combustion. 

Shimer. Jour. Am. Chcm. Soc. Vol. XVII, p. 878. 
Drown. Trans. Am. Inst. Min. Engs. Vol. 8, p. 41. 

Process, — Treat 2 grams in a beaker with 50 c.c. of HCl, 
sp. gr. 1.12. Cover and boil briskly for 30 minutes. Dilute, 
filter onto an asbestos filter and wash with hot water until all 
iron salts are removed. Then pour on a little HCl and wash 
again with water. Now wash the residue with a solution of 
caustic soda, then with water, then with alcohol, then with 
ether, and finally with cold water, then hot water till every 
trace of ether is extracted. Now transfer to the carbon ap- 
paratus and determine the carbon with chromic acid and 
sulphuric acid, or by combustion in oxygen. 

This complicated washing is required to remove the solid and 
liquid hydrocarbons which are likely to form and are insoluble in 
water alone. 

The ether must be followed by cold water; if hot water were 
added at once, it would make the ether boil and might throw the car- 
bon out of the filter tube. Nitric acid of sp. gr. 1.136 can be substi- 
tuted for HCl with such irons as are readily dissolved by it. If a 
little HFl is added to the solution after the metal is dissolved it will 
frequently greatly facilitate the filtration by preventing the sep- 
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aration of silica in a gelatinous form. By using a sufficient quantity 
of acid of the right specific g^ravity^ most of the silica will usually 
remain la solution. 



DETERMINATION OF THE GRAPHITE BY DIRECT WEIGHING. 

This method gives satisfactory results on many irons. It is 
quite generally used as a rapid metikod. It should be checked by 
ttie combustion method when applied to kinds of iron not previously 
tested. 

The residue ia dried at 100^ C, and the a burned and the loss of 
weight assumed to be carbon. Any sulphur or water that the resi- 
due contains will, of course, be rated as carbon. 

Process* — Weigh out 2 grams of the drillings into a 250 
c.c. beaker. Add 100 c.c. of HCl sp, gr, L 1 or of HNOg sp. 
gr. 1,135. Boil gently till all action ceases* Keep the beaker 
covered to prevent evaporation and concentration of the 
solution which may cause the separation of silica. Finally 
add three or four drops of HFl and boil again. Prepare a 
^*Gooch" perforated crucible as follows: First, heat, cool 
and weigh it, second, fit into the bottom of the crucible a 
disc of ashless filter paper and dry the paper and crucible at 
100° for twenty minutes and weigh again. Filter the solution 
through this crucible in the ordinary way, transfering the 
residue with cold water. Then wash the residue with hot 
dilute HCl, then with hot water, and then with a five per 
cenL solution of NH4OH. When the filtrate runs through 
colorless finally wash with a mixture of eqnal parts of alco- 
hol and ether. Now dry the crucible and contents at 100° C 
to constant weight which will take from ten to twenty min- 
utes. Now set the crucible over a Bunsen Burner fiarae and 
burn oflF the residue. When all the carbon has burned away, 
weigh the crucible again. 

By subtracting the weight of the crucible with the fiiter 
paper, from the weight of the crucible plus the filter paper 
plus the residue, the weight of the residue is obtained. Sub- 
tracting the weight of the empty crucible from the final 
weight of the crucible plus the incombustible portion of the 
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residue, gives the silica and other mineral matter with the 
carbon. Subtracting this remainder from the total weight 
of the carbonaceous residue, gives the weight of the graphite^ 

Instead of using a ^^Gooch'^ crucible, two small tared filters 
can be taken and then the residue burned out in an ordinary cruci- 
ble, but this is not nearly so convenient. 

The above method is essentially that given by A. B. Harrison in 
Methods of Iron Analysis used around Pittsburg, 2nd Edition, p. 85,. 
For variations of the method, and discussion of the results, consult r 

Daugherty. Chem. News. Sept. 8, 1899. 
Crobaugh. Jour. Am. Chem. Soc. 1894 p. 104. 
Auchy. Jour. Am. Chem. Soc. 1900 p. 47. 



THE DETERMINATION OF TITANIUM. 

Titanium u&uallj occurs in iron ores as menaccanite and is most 
f rcqneutlj found m magnetites. 

Titanium occurs Lri pig iron as carbide and sometimes^ especially 
in manganese alloys, as nifcrocyanide forming small copper-red crys- 
tal! withmetaUic lustre. 

If titaniferous iron ores are heated with concentrated HCl most 
of the TiOe goes into eolution, provided the material is reduced to an 
extremely fine powder, 

Rutilei Ignited TiOj and other eompounds of titanium, which are 

not attacked by HCL can be dissolved after fusion wit!i acid potas- 
sium sulphate (KH8O4), The fusion is slowly but completely dis- 
solved by cold water* The titanic acid, iron and other bases go into 
solution as sulphates, while any silica present is left as a residue. 
Should phosphoric acid he present, some TiOa is liable to remain 
with the SiOj as phosphate. 

When ores or other minerals containing titanium are fused with 
a large excess of sodium carbanate, they are completely decom- 
posed, provided they are very finely pulverized. When the *'melt'* 
is boiled with water till thoroughly disintegrated, any sodium phos- 
phate, sodium aluminate or sodium silicate present, go into solutiooi 
while sodium titanate being insoluble remains with the oxide of iron 
and oth mx bases. The separation is complete in the case of the phos- 
phates ; in the case of the silicate and aluminate only partial. 

The residue of titanate, etc, is soluble in HCl or even more read- 
ily in hot HaSO^,. This solution may be freed from silica by evap- 
oration with H2SO4 till HCl is expelled and the silica dehydrated. 
This treatment will dissolve any TiOg the HCl does not attack. On 
dilution with water the TIO2 and the bases go into solution as sul^ 
P hates, while the SiOa is left insoluble and free from TiOg. 

TiOjj is precipitated (as a hydrate) from slightly acid solutions on 
boiling. In order that the precipitation may be complete, the so- 
lution should be dilute and not contain more than one-half per cent. 
of free acid. The boiling must be prolonged and not more than traces 
of phosphoric acid be present. If ferric oxide, alumina or phosphoric 
acid are present in the solution they are invariably partially precipi- 
tated with theTiO,. 

The precipitate has a tendency to adhere to the glass, and is 
fine and difQcult to filter and waah. 

m 
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The precipitated titanic hydrate is only soluble with difficulty 
inmineral acids, and in insoluble in acetic acid. 

Solutions contaioing TiO a are completely precipitated by am- 
monia. TiO^ is also completely and promptly precipitated on boil- 
ing from solutions containing sodium acetate and a large excess of 
acetic acid (16 to 20 per ceut.), provided ferric sails B.Te not preaent. 
Any phosphoric acid present will come down with the TiOj. As 
alumina is not precipitated under these conditions, TiOg can be sepa- 
rated from it in this way. A repetition of the precipitation is neces- 
sary to get a complete separation. 

See Gooch, Chem, News^ VoJ> Lllj p. &&, 

The best solvent for hydrated TiOg is a mixture of eight volumes 
of concentrated HgSO^ and three volumes of water ^ heated to its 
boiling point. 

If this solution is concentrated by boiling until the water ia all 
expelled, the TiO^ will separate again in a form which cannot be 
rediseolved; henee^ in the process which follows avoid too long heat-- 
ing of the aiUphuric acid Boluiions, 

If ignited TiOj is heated with HFl, a portion of the Ti will be 
volatilized as fluoride^ but if the TiO^ is first moistened with H28O4 
and then treated with the HFl none of the Ti will be volatilized on 
drying and igniting the mixture. 

Process for Iron Ores, — Take one or two grams (the ore 
must be ground to an impalpable powder), put into a small 
covered beaker, add 30 c.c. of concentrated HCl, and boil 
gently till the iron appears to be dissolved. Now add 10 to 
16 C.C. of dilute H2SO4 (1 to 4 of water by volume), boil 
down till the HCl is all expelled and fumes of H2SO4 just 
begiu to appear, being careful to avoid over-heating. Cool 
the liquid and add 25 c.c. of water, then boil till all the iron 
salts are dissolved- filter from the residue and wash. Dry 
and save the residue to be examined for TiOa- It is usually 
free from it, but sometimes may contain a considerable 
amouut. 

Dilute the filtrate to 250 to 300 c.a Add NH^OH 
carefully until the precipitate formed at first dissolves very 
slowly on stirring. Now warm the solution and add a soln- 
tiou of sodium sulphite slowly, and only a little at a time. 
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H2SO4 to tke 

Sbonld the mm nJ l iiw pom tmAid whSitt addn^ die 
sulphite, aad m |iTT i *fHrl r fiwiB, miA a few ^rops of HQ tD 

time for the leadioa. The mlatiiwi doold not be heated to 
boiling or TiO^ «iQ T|r*"f- as a while. ^Ikj piecipitxte, 
act redissolving c« the ***^^^**- qf a few dt«ipsof HCl, and 
making the completion of the xedactioB ^^^r**^ fs £stii^ud& 
though doing ao hats otherwise. Bj the tine thai 40 to 
60 cc of the salphitr wJaf^**- have beeaadded m this way 
the liquid should be colodeai and aaell stiottgly of SO,. If 
it is still cokxed showiag that Ae fccdc sits ane aot aU re- 
duced, contioiiethewagooagtiPitbu:oaitiicoiodeas,as it is 
necessary that the ledactioit be ooatpleU^ Mow add SO to 
60 c c of acetic add, and thea 20 gruns of aodjam acetate, 
and boil the sointioii Tigoiottdy far thiee mfngtcs. The TiO, 
will separate as a floccaleat psm^tate. Let Ais settle, filter 
it off and wash it with hot water. Call this precipitate A; it 
contains all the TiO^ ia the scristion but is impire, contain* 
ing phosphonts and nsoally some iratL 

TreahmtHt af tke R^sidui. — Pnt the filter and reddne into 
a platinum crucible and ignite until all caibon is bnmed oA. 
Now add ten times its weight of dry Na,CO) and fitse ovtx a 
blast lamp until thorooghly decomposed* Coot add water 

and boil until the melt is thoroughly disintegrated and the 
insoluble portion is floccoleaL Filter and wash with hot 
water. Wash the residue on the filter off into a beaker with 
a little water. Let it settle and decant the water through the 
filter again. Dissolve the little adhering residue from the 
filter with a few drops of HCl, running it through into the 
beaker containing the resL Add a little HCl to the contents of 
the beaker, then add 10 cc of dUnte HjS04 (1 to 4) and boil 



3 



140 



Note% on MetaUurgical Analysis, 



the mixture, everything should dissolve. Evaporate the 
liquid until all the HCl is expelled^ being careful to avoid too 
great CDQcentratiou which may precipitahe the Ti02. Now 
cool and add 25 c.c. of water» boil and filter from the Si02t 
which will be free from TiO.2* Now dilute the filtrate to 
150 ex., add NH^OH till a slight precipitate forms. Redis* 
solve this with a little HCl, and then add 10 c.c. of the sul- 
phite solution. If a precipitate now forms drop in HCl till 
it dissolves. Now heat the liquid gradually and as soon as 
the solution is colorless add 30 c.c, of acetic acid and 10 grams 
of sodium acetate. Boil the solution for three minutes 
and if auy TiOg separates^ filter it off and wash it with hot 
water. Call this precipitate B. 

Treatment of the Impure Precipitates. — ^Put the filters with 
precipitates A and B into a platinum crucible. Burn off the 
filter papers completely, and weigh the impure TiOg. Add 
ten times its weight of dry NajCOa ^^*i *^^^ the mixture. 
Boil the fusion with water until it is completely disintegrated ; 
then filter and wash. Now wash the residue off the filter into 
a beaker; let the liquid settle and decant the clear liquid back 
through the filter (the object of this is to get the residue into 
the beaker, yet have very little water present). 

Pour a little concentrated HCl onto the filter paper, let- 
ting it run through into the residue in the beaker, (this dis- 
solves most all of the Ti02 adhering to the paper). Finally 
burn the paper at as low a heat as possible and add the ash 
(still retaining a trace of TiOg) to the beaken Dissolve the 
contents of the beaker in concentrated HCl, then add 10 or 
15 c.c. of dilute H2SO4 and evaporate as before, cool and 
dilute with 25 ex. of water^ boil, filter and wash. Dilute 
the solution to 250 ex., nearly neutralize with NH4OH, add 
20 c.c. of the sulphite solution to reduce the small amount of 
iron present, and then precipitate the TiOs with sodium 
acetate and acetic acid as in the treatment of the original 
solution of the ore. The second precipitate of TiO^ is pure 
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and should be white. It is dried, ignited intensely and 
weighed. The ignition should be repeated and the precipi- 
tate re- weighed until its weight is constant. The TiOa 
should be light colored after ignition. 

In the above procass the H^BO^ serves two purposes. It sep- 
arates 810 a, and when concentrat^ed to the right strength it Is the most 
powerful eolvent for TiO,, dissolving the oxide even after it has been 
moderately ignited. 

The above process is accurate and satisfactory. For a descrip- 
tion of a slightly different method, based on boiliog down the TtO » 
see an article by Charles Baakerville, Jour. Soc, Chem. Ind. 1900, p.419. 

PROCESS FOR 0KE9 KOT ATTACKED BY HCl. 

Prepare pure bisulphate of potash by melting the salt in a plati- 
num dish or crucible until all boiling ceases and it is in quiet fusion. 
"When cool, pulverize it and keep it in a tightly stoppered bottle. 

Mix the very finely pulverized ore with 15 times its weight of 
the bisulphate in a large platinum crucible and heat gently till the 
mass melts. Baise the temperature to alow red gradually until white 
fumes begin to come off^ and keep the mass in quiet fnsion 20 or SO 
minutes. Avoid too high a temperature or the "RS^a will be driven 
off and the fu^iion spoiled. Insert a platinum wire into the melted 
mass and let the crucible cool. The mass will generally detach 
itself from the crucible and can be lifted out by the wire. Now put 
crucible and cover into a beaker. Add a considerable amount of cold 
water. Haug the lump of fused material in the water and let it soak 
out. Everything will gradually dissolve except the SiOg, though it 
may take 12 hours. Now ffiter from the residue of SiO^ and proceed 
as with the ordinary solution. 

The bisulphate fusion may be made to dissolve more rapidly, if 
after cooling in the crucible a little concentrated H^BO^ is added, 
and the whole again heated until It melts. On again cooling, the 
mass will be pasty and dissolve more rapidly, (Kennedy). 

Sec Drown^ Trans. Am. Inst. Min. Engs., Vol. X, p. 13?. 
JenniDfs, Eng, andMin. Jour., Vol, XLV, p. 475. 

Process for Iron and sSteeL—The metal should be dissolved in 
HNOg sp* gr. 1.2. A little HCl may be added to assist the solution. 
Evaporate to dryness^ bake the residue and then add HCl to the dry 
residue and proceed exactly as with an ore, 

DETERMINATION OF TITANIUM BY COI.0R. 
When hydrogen peroxide (H^Oe) is added to a sulphuric acid 
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solution of titanium, a yellow-brown coloration is produced, the in- 
tensity of which is proportional to the amount of TiOa . This is a very 
delicate qualitative test and has been made the basis of a color meth- 
od. The results are satisfactory for small percentages. The solution 
of TiOj must be very dilute. The color is probably due to the forma- 
tion of TiOg. It is distinctly shown with less than .02 milligram TiO^ 
to the cubic centimeter of the liquid. As HFl discharges the color it 
must be entirely absent. As some commercial hydrogen peroxide is 
said to contain fluorine as an impurity, it should be tested before be- 
ing used in the process. Ammonium salts in the solution also inter- 
fere by decomposing the H.Oj. Chromium, vanadium and molyb- 
denum salts also produce colored compounds when treated with H,0, 
and must be absent. Iron salts do not prevent the formation of the 
color, but as they have a color of their own they modify the tint. The 
solution should always contain the same amount (6 per cent.) of 
HgSO^. 

A. Weller. Berl. Ber. XV, 2692. 
Dunnington. Jour. Am. Chem. Soc. XIII, No. 7. 
Noyes. Jour. Am. and App. Chem. Vol. V, p. 89. 
Wells. Trans. Am. Inst. Min. Engs. Vol. XIV. p. 768. 
Hillebrand. Jour. Am. Chem. Soc. 1896, p. 718. 
Baskerville. Jour. Soc. Chem. Ind. 1900, p. 419. 
Brakes. Jour. Soc. Chem. Ind. 1901, p. 23. 

PROCESS FOR ORES. 

Solutions Required, — Standard TiO^. Ignite pure TiO 2 
at a dull red heat to constant weight. Weigh 0.5 gram of 
the anhydrous powder. Put this in a platinum crucible with 
5 grams of pure potassium bisulphate. Melt cautiously and 
keep at a low red heat for from five to ten minutes until the 
TiOj all dissolves and the liquid becomes clear. Partially 
cool the crucible and add 5 c.c. of concentrated H 2 SO4, then 
heat again till the mass liquifies. Cool and put the crucible 
and all into 200 to 300 c.c. of water containing 5 per cent, of 
H2SO4. When the fusion is dissolved wash and remove the 
crucible. The Ti02 should dissolve to a clear solution. If any 
residue remains, filter it out, wash and weigh it and deduct 
it from the TiOg taken, using the diflFerence in calculating 
the standard of the solution. Finally dilute the solution with 
five per cent. H2SO4 till 1 c.c. contains 1 milligram of Ti02. 
Check it by precipitating and weighing the Ti02 from 20 c.c. 
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This can be done by the regular gravimetric process. After 
weighing, the TiOg should be tested for SiO^t by treating it 
with a little H2SO4 and HFl, igniting and weighing the 
residue. Any loss will be SiO^. 

Standard Soiuiion of Fe,^{^SOj^^.^TdL^^ 50 grams of 
crystalized ferrous sulphate. Add 100 c.c. of water and 60 
ex. concentrated H2SO4. Heat to boiling and when theFe 
SO4 is all dissolved, add HNO^ drop by drop till the iron is 
all oxidized to the ferric state as is shown by the sudden dis- 
appearance of the brownish-black color. Concentrate the 
solution until it becomes pasty, stirring vigorously to prevent 
bumping. Add 50 c.c. more H2SO4 and heat with contin- 
ous stirring until fumes of H2SO4 begin to come oflF* Now 
cool^ add 200 c.c. of water and boil till the ferric salt is all 
dissolved^ Dilute the solution to about 1 litre. Determine 
the amount of iron in 10 c.c. of this solution as in the iron 
assay. 

Process for Ores, — Take 0.5 gram of the very finely pul- 
verized sample and fuse it with 6 grams of KHSO4. Keep it 
at a red heat for at least ten minutes, in which time all the 
TiOa, Fe, etc. should dissolve in the melted salt. The addition 
of 1 gram of NaFl is said to help the solution, but in this case 
the heating must be continued until every trace of fluorine 
has been expelled* Cool the solution, add 5 c.c. of H2SO4, 
melt again and finally cool and put the crucible into a beaker 
with 200 c.c. of water containing 5 c.c. of H2SO4. Warm 
the contents of the beaker to about 90"^ C, and stir till the 
iron salts are all dissolved. Filter from the residue and 
dilute the filtrate to 250 c,c. with 5 per cent. HaSOi. If the 
residue is dark colored it should be tested for titanium by 
refusion. 

To Estimate the Titamum. — Put 50 c.c, of the solution 
(equal 0.1 gram of ore) into a wide **Nessler*' tube. Into a 
second similar tube put as much of the standard iron solution 
as will contain an amount ol iron equal to that in 0.1 gram 
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of the ore and dilute this to 50 c.c. with 6 per cent. H2SO4. 
Add to each tube 5 c.c. of hydrogen peroxide and then add 
standard TiOg solution from a burette to the second tube till 
the color produced matches that in the first tube. Prom the 
volume of the Ti02 solution used, calculate the amount of 
titanium added to the second tube which will be the same as 
that in 0. 1 gram of the ore. 

Four milUgrams of TiO, is as much as can be estimated in 60 c.c. 
of liquid. Above this amount the increase of color with addition of 
more TiO, is not sufficiently marked. This would correspond to 4 
per cent, in the ore. Higher percentages should be estimated gravi- 
metrically. 

The addition of the iron to the standard is necessary in order 
that the modification of the titanium color by the iron may be the 
same in the standard as in the ore. 



THE DETERMINATION OF NICXEL IN STEEL 

AND IRON- 

Nickel steel contains several per cent, of nickel. Nickel also 
occurs in small traces in some pig irons. Ferro-nickel may contain 
30 per cent, or more. In the determination of nickel the first step is 
the separation of most of the iron. This can be done by precipitat- 
ing the iron as basic acetate as in the manganese determination, but 
as the precipitate will always carry down some of the nickel it is 
necessary to repeat the precipitation several times to secure a good 
separation. The following method which depends upon the solu- 
bility of ferric chloride in ether is much more satisfactory. If a solu- 
tion of ferric chloride in HCl is shaken up with sulphuric ether most 
of the iron will go into the ethereal solution while the chlorides of 
nickel, copper, manganese, cobalt and aluminum remain entirely in 
the aqueous solution. The conditions for securing a good separation 
are as follows: 1st, the chlorides must be dissolved in HCl of 
between sp, gr. 1.1 and 1.13; 2nd, the volume of the solution must be 
small, not exceeding 60 c.c. ; and 3rd, the ether must be free from 
alcohol and must be saturated with HCl, by previously shaking it 
up with 5 to 10 c.c. of the concentrated acid. Finally, sulphates are 
said to interfere with the ether separation and if present, as is some- 
times the case in applying the process to ores, must be removed. In 
this case the iron can be precipitated by NH4OH and then dissolve in 
HCl and the ether separation applied to this solution. Part of the 
nickel will be in the filtrate from the iron and must be added to 
that left after the ether extraction. 

Process: Separation of the Iron. — Dissolve 1 or 2 grams 
of the drillings in 30 c.c. of dilute HCl (1:1) in a small cov- 
ered beaker. When dissolved, warm and add gradually 1 or 
2 c.c. of HNO3 ^o oxidize the iron. Evaporate the solution 
to about 10 c.c. Cool it and pour it into a separatory funnel 
of about 150 c.c. capacity and having a very short stem. 
Wash out the beaker with warm HCl of 1.13 sp. gr., trans- 
ferring all the solution to the funnel. To keep the volume 
small, use successive small portion of 5 or 6 c.c. of the acid, 
in washing. The total volume of solution in the funnel should 
not exceed 40 ex. Now cool the funnel and its contents and 
cautiously add 45 to 50 c.c. of ether previouly saturated with 
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HCl. Put in the stopper and shake the funnel vigorously 
for five minutes, keeping it cool by holding it under running 
water from a tap. Now set the funnel in a rack and let it 
stand until the ether separates and the line between the two 
layers of liquid is sharp. Then take out the stopper carefully 
and draw oflF the aqueous solution down to the stopcock, 
being careful to empty the tube. Now add 5 or 6 c.c. of HCl 
sp. gr. 1. 13 to the ether in the funnel and shake it up again. 
Let it separate as before and draw ofi the acid adding this to 
the first extract. A second washing may be necessary if the 
steel contains over 5 or 6 per cent, of nickel, but with ordi- 
nary nickel steel one is sufficient. It is desirable to use as 
little acid as possible in the washing as it takes up some iron 
from the ether and increases that to be subsequently removed 
from the aqueous solution. 

During the whole operation the ether and the funnel 
should feel cool to the hand; if allowed to become too warm, 
the vapor pressure may blow the stopper out of the funnel. 
The ether solution of Fe Clg in the funnel may now be thrown 
away, or kept for the recovery of the ether by distillation. 
The aqueous solution contains some dissolved ether, a little 
ferric chloride (which should not exceed 2 per cent, of that in 
the original solution) and the whole of the chlorides of Ni, 
Co, Mn, Al and Cu. Set the beaker containing this solution 
on a water bath or hot plate and heat it until the ether is 
expelled. As the ether vapor is inflammable and heavy a 
little care must be taken that it does not catch fire. Keep 
the beaker covered while the ether is boiled oflF. After the 
ether is expelled, dilute to about 200 c.c. Add from 2 to 3 
C.C. of bromine water and then a decided excess of NH4OH. 
Boil till the Fe(0H)8 separates well. Filter it oflF, wash the 
precipitate once with water, then wash it back into the beaker 
redissolveit in HCl and precipitate a second time with 
NH4OH after adding bromine as before. The second pre- 
cipitate is practically free from nickel unless the amount in 
the steel is very large, in which case a third precipitatioa 
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should be made. Combine tlie ammoniacal filtrates, boil off 
the excess of NH4OH and add HCl till the solution is dis- 
tinctly acid- If the metal contains copper it must now be 
separated by passing H^S through the acid solution for 
some minutes. Filter off the CUvS and concentrate the 
filtrate to 100 c.c. 

In this filtrate which is free from iron, the Ni can be 
determined either gravimetrically or volumetrically. 

The addition of bromine in fclie above process has for its object 
the precipitation of manganoBe with the ferric hydroxide. 

The completeness with which Mn is precipitated by bromine and 
ammonium hydrate depends upon the amount of NH^Cl in tlie solu- 
tion, when this is large as in the above process only a very little of 
the Mn will come down, most of that present remaining in the solu- 
tion. 

If the amount of Mo present is considerable and it is desirable to 
separate it with the iron ^ most of the free HCl must be neutralized 
with NagCOa and Br added and then about 6 c.c. of NH^OH. 

Proceeding in this way very little of the Mn will be left in the 
solution. Hydrogen peroxide acta in the same way that bromine 
does, but ammonium persulphate will precipitate the Mn much more 
effectively from a solution containing NH^Cl. 

The e fleet of I^H^Cl in preventing the precipitation of Mn by 
bromine and ammonia m largely overcome by the presence of a 
BuflBcient excess of sodium acetate; where this reagent can be 
used in the solution, this method of separating Mn is useful, 

I Gravifnetric Deiennination. — Add NH4OH until the solu- 

tion is just distinctly alkaline, carefully avoiding much excess. 
Now heat the liquid and pass a current of H^S through it 
until it is saturated* The Ni separates as NiS and any man- 
ganese present as MnS. Now add acetic acid^ using about 
14 c.c. in excess of that necessary to neutralize the liquid. 
This will dissolve the MnS but not the NiS. Filter oflF the 
NiS on a small filter and wash it thoroughly with hot water- 
Carefnlly ignite the filter and precipitate in an open porcelain 
crucible, burning oflF the paper at as low a heat as possible 
I and continuing the heating until the NiS is converted to 
I NiO. Finally ignite intensely, cool and weigh. 
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As the NiO is easily reduced to a lower oxide, it is important to 
keep the crucible uncovered and to avoid contact with any reducing 
gas. After the paper and sulphur are burned off it is important that 
the NiO be intensely ignited or it may retain sulphates formed dur- 
ing the preliminary roasting. After weighing the NiO it is well to 
add a few drops of HNO, to reoxidize any reduced Ni. Dry it off 
and ignite and weigh again. 

The Volumetrio Determination of the Nickel with Potassium Cya- 
nide.— This process depends upon the fact that when KCN is added 
to an ammoniacal solution containing nickel, a double sal t,K,Ni(CN) 4 
is formed. In order to show when an excess of the KCN has been 
added a little silver iodide is formed in the liquid. This is insoluble 
in ammonium hydrate and in a solution of the above double salt, but 
is at once dissolved by an excess of KCN, a double silver potassium 
cyanide being formed. 

2KCN+AgI=KAg(CN) J 4-KL 

As the amount of the Agl present is always the same, the small 
amount of the KCN solution required to dissolve the silver salt is 
determined once for all and then deducted from the volume of the 
liquid used in the titration of the nickel solution, the remainder 
being that required for the nickel. Only enough of the Agl should 
be present to give a marked turbidity in the liquid. No precipitate 
should separate. The beaker containing the solution should be 
placed on a sheet of black paper so that the disappearance of the 
yellow cloudiness can be easily seen. 

As copper acts in the same way that nickel does, it must be 
removed before the Ni is titrated. Small amounts of Mn do not seem 
to affect the titration ; if much is present the liquid will grow turbid 
and make it difficult to see the end reaction. Hence with metals 
high in Mn it should be removed by using Na^COg in the neutraliza- 
tion, and then bromine as noted before. 

That the results by this process may be satisfactory it is essen- 
tial that the conditions be kept very uniform. The volume of the 
cyanide solution required for a given amount of nickel depends 
somewhat upon the excess of NH4OH present, the amount of 
ammonium salts in the solution, the volume of the liquid, and the 
temperature. The solution must not be hot enough to feel warm to 
the hand. 

Solutions Required: Standard KCN. — Dissolve 4 grams 
of pure KCN in 1 litre of water. One c.c. of this solution 
will equal approximately 0.001 gram of Ni. 
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Silver Nitraii Solution, — Dissolve 0.5 gram of AgN03 in 
1 litre of water* 

Potassium Iodide Solution, — Dissolve 20 grams of KI in 1 
litre of water. 

Standardize tfee cyanide solution against recrystallized 
ammoniam nickel sulphate (NH4)2Ni(S04)2^H20» as fol- 
lows: Prepare a solution of this salt 3.331 grams to the 
litre ; 50 ex. of this will contain 0.025 gram nickel. Take 
50 C.C. of this solution, dilute it to 100 c.c, and add approxi- 
mately as much HCl as is present in the nickel solution from 
the steel. Add NH4OH until the free acid is just neutral- 
ized, and then add 1 c.c. more. Now add 5 c.c. of the silver 
nitrate solution and 5 c c. of the potassium iodide solution. 
The liquid will become opalescent from the formation of 
Agl. Now set the beaker upon a sheet of black paper and 
run in the cyanide solution from a burette until the turbidity 
disappears. The volume used is that required for the 
nickel and the silver indicator* Now repeat the process^ 
using 100 c.c. of water and leaving out the nickel solution, 
but putting in the HCl, NH4OH, AgNOg, and KI as before. 
The volume of cyanide used in this case will be that re- 
quired for the Agl alone. Deduct this from that found in 
the first test and the difference is the volume of the cyanide 
solution required for 0.025 gram of nickel. From this calcu- 
late the value of 1 c. c. of the cyanide solution. As the 
cyanide solution does not keep its strength long, it must be 
restandardized frequently. 

Titration of tiie Ni Solution from the SteeL — ^The volume of 
the solution should be 100 c. c. Add NH4OH until the free 
HCl is neutralized and the liquid reacts neutral ; then add 
1 c. c- in excess. Add now 5 c, c, of the AgNOg and 5 c. c, 
of the KI solution and titrate with the cyanide as in 
standardizing. The number of c. c. used minus the volnme 
of the KCN required for the Agl alone, multiplied by the 
value of 1 c* c. in nickel gives the amount of nickel in the steel. 
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The above processes for the determination of nickel in steel can 
be applied with slight modifications to other materials. If silicon is 
present in the metal it must be removed by evaporating the original 
solution to dryness, then taking it up in HCl and proceeding as 
directed, after concentrating the liquid to 10 c. c. 

In analyzing ferro-nickel, dissolve 20 grams in aqua regia, 
evaporate the solution to dryness, take up in HCl, dilute to 1 litre 
and take 60 c. c. (equals 1 gram) for the analysis. Evaporate to 10 
c.c. with HCl and proceed as usual. 

Campbell. Jour. Am. Chem. Soc. 1894. p. 96. 
Sargent. Jour. Am. Chem. Soc. 1899. p. 864. 



THE DETERMINATION OF TUNGSTEN AND 
CHROMIUH IN STEEL, 

When steel contaioiiig chromium aad tungsten is dissolved 
In a mixture of HCl and HNOg the solution evaporated to dry- 
ness, and the residue treated with HCl the chromium goes into 
solution with the iron andimanganese; while the tuDgsten is left in- 
soluble as WoO J with the SiOJ. In order to render the WoO,, 
entirely insoluble, more than one evaporation with HCl is tiecesgary. 
When treated with HsSO^ and HFl, WoDy is not volatilized and can 
be thus freed from 810;^. When a solution of chromium in con- 
centrated HNO3 is treated with KClOg, as in the Ford- Williams 
method for manganese, the chromium is entirely oxidized to 
CrOg at the same time that any manganese present is precipitated 
as MnO.^. The MnO^ can be filtered off on an asbestos filter while 
the whole of the chromium will be found in the filtrate. The 
following method is based on these reactions. It is essentially that 
published by A, G. McKenna, Proc. Eng. Soc. Western Pa. 16; 119. 

PROCESS. 

Dissolve 5 grams of the metal in HCl, using 60 c. a 
of 1 : 1 acid. Add 10 c. c. of concentrated HNO3 ^^^ 
evaporate to dryness. Take up the residue by digesting^ 
with 15 c- c. of concentrated HCl and again evaporate to 
dryness. Again take up in 20 c. c. of concentrated HCl, 
digesting without boiling until dissolved, dilute to 100 c, c, 
and boil. Filter from the Si02 + W0O3. Wash thoroughly 
with 5 per cent. HNO3 and ignite and weigh the residue of 
WoOa + SiO^ in a platinnm crucible. Now add a drop of 
H2SO4 to the residue in the crucible and then 4 c. c. of 
HFl. Evaporate oflF the acid under a good hood, then ignite 
and weigh. This residue is WoOjj. It should be of a 
lemon-yellow color. As it frequently contains a little ferric 
oxide, fuse it with 2 or 3 grams of NaaCOg and dissolve the 
fusion in hot water* The sodium tungstate will all dissolve. 
If any FCaOg is left insoluble, filter it off, wash it thoroughly 
with water and ignite and weigh it. Deduct the amount 
from the weight of the impure W0O3. Evaporate the fil- 
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trate from the SiOj + WoOg with 50c.c. of concentrated 
HNOs to decompose the HCl. Dilute to 200 c.c. with 
concentrated HNOg and precipitate the Mn as in the Ford- 
Williams process, using 10 grams of KClOg. . After the 
MnOg is precipitated, continue the boiling until all the CI 
is expelled. This will require concentrating at least one- 
halt the volume. Filter off any Mn02 o^^o asbestos as usual. 
It can be used for the determination of manganese. Cool 
the filtrate containing the chromium as CrOs and dilute it 
to 500 c. c. with cold water. The temperature of the liquid 
must now not be over 20° C. Now add a measured volume 
of a standard solution of ferrous sulphate and immediately 
titrate the excess over that oxidized by the CrOg with a 
standard solution of permanganate. 

As one molecule of CrOg will oxidize three atoms of 
iron from the ferrous to the ferric state, the amount of 
chromium can be directly calculated from the difference 
between the ferrous iron in the solution added and that 
remaining unoxidized as shown by the titration. 

Chromium : iron : : 52.1 : 168, or 0.31 times iron equals 
chromium. 

If the ^^manganese standard^' of the permanganate is known, it 
is only necessary to titrate the ferrous sulphate solution with it, and 
then deduct from the amount of the permanganate equal to the fer- 
rous sulphate added, the amount taken in the titration of the 
chromium solution. This gives the volume of the solution equal 
to the chromium, and the Mn value of this multiplied by 0.681 will 
give the Cr. 

The method may be somewhat shortened by using smaller 
amounts of sample and reducing the reagents proportionately. If 
no tungsten is present, simply proceed as in the Ford- Williams 
method for Mn, but be careful to boil out all the CI. Then determine 
the Cr in the filtrate as above. According to Mahan, the HNO» 
solution containing the MnOj may be dilated with water and then 
cooled and filtered through paper instead of asbestos. It is then 
partly neutralized by NH^OH and the Cr determined as above. The 
solution must be diluted to at least ten times its volume. 

Mahan. Jour. Chem. Soc. 1900. p. 1057. 



THE DETERMINATION OF ALUMINUM, COPPER AND 
ARSENIC IN STEEL AND IRON. 

Theae elements occasionally occur in small amonnts and may 
be determined by the following methods : 

AI.tJMINUM, 

Sfcead^fl Method. Jour. 8oc. Chera. Ind, 1889, p, 965. This 
depends upon tiie complete precipitation of aluminum as phosphate 
in the presence of sodium phosphate in boiling solutions containing 
an excess of sodium thiosuiphate. Acetic acid and acetates do 
not interfere. Iron in the ferric state must be absent. Ferrous 
iron does not interfere* The excess of thiosulpiiate rapidly reduces 
the ferric iron at a boiling heat 

Process. — Dissolve 11 or 22 grams of the metal, accord- 
ing to the percentage of Al, in 44 or %% c. c. of concentrated 
HCl. Evaporate to dryness to separate Si02. Take up in 
HCl and filter. Dilute the filtrate to 200 c. c, add 3 c. c. of 
a sattirated solution of Na2HP04, then NH4OH till a slight 
permanent precipitate appears. Dissolve this by adding 
HCl drop by drop. Heat to boiling and add 50 c. c. of a 
saturated solution of sodium thiosulphate- Now boil gently 
till all the SO2 is expelled, which will usually take about 
half an hour. Filter oflF the precipitate rapidly, using a 
large filter, and wash it thoroughly with hot water. The 
precipitate consists of sulphur, aluminum phosphate and a 
little iron, Wash the precipitate back into the beaker. Let 
it settle and decant ofi' the excess of water through the 
filter. To the remainder in the beaker, which should not 
exceed 5 or 6 c. c, add an equal volume of concentrated 
HCl and warm to nearly boiling, stirring it up thoroughly. 
Now filter the solution through the same filter into a plati* 
nnm dish, washing filter and precipitate thoroughly. 
Evaporate this solution containing the aluminum phosphate 
to dryness. The residue on the filter is sulphur and may be 

1£8 
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rejected. It is well to burn it, however, and examine any 
residue for aluminum. To the dry residue in the platinum 
dish add 2 grams of pure NaOH (from sodium) and 1 c. c. 
of water. Heat till the sodium hydrate dissolves, and then 
stir the residue thoroughly into it. Cool, add water and 
boil five minutes. Transfer the turbid solution to a flask 
and dilute to 110 c. c. Filter through a dry filter and collect 
100 c. c. of the filtrate, equivalent to 10 or 20 grams of the 
steel, according to the amount taken. Neutralize with HCl 
in slight excess. Add 3 c.c. of Na2HP04 solution and again 
precipitate by adding 10 c.c. sodium thiosulphate and boil- 
ing. After the precipitate is formed and the SO2 expelled, 
add 2 or 3 c. c. of a saturated solution of ammonium acetate. 
Boil two minutes longer and filter. Wash with hot water 
till free from chlorine. Burn oft, ignite, and weigh the 
AIPO4, which contains 22.36 per cent, of aluminum. Run 
a blank on all the reagents used and make a correction for 
any AI2O3 or SiOg so found. If Cr is present, it will be in 
part precipitated with the aluminum. Its presence will be 
shown by the yellow color it gives to the soda fusion. It 
can be removed by adding a few drops of an alkaline sul- 
phite to this solution and boiling for some time, the CrO^ 
will be reduced and precipitated. 

COPPER. 

Dissolve 10 grams of the metal in 60 c. c. of concen- 
trated HCl in a flask closed with a rubber valve or simply 
fitted as for the evolution method for sulphur, the delivery 
tube dipping into water. Boil the solution until most of the 
acid is driven off" and crystals of FeClj begin to separate. 
Now cautiously add 300 c. c. of warm water and heat till the 
iron salts are dissolved. Now pass a rapid current of 
washed HgS through the liquid for ten minutes. Cork the 
flask and let the precipitate settle. Finally filter oflF rapidly 
through a 11 cm. ribbed filter, rinse out the flask and wash 
the filter and precipitate thoroughly with water containing a 



Nates on Metallurgioal Analysis, 

little H^S. The residue left on dissolving the iron may 
contain copper and must be treated with the precipitate. 
Now put the filter and its contents into a porcelain crucible 
and cautiously burn it off at a low heat It is not necessary 
to burn out all the carbon provided the solphur be oxidized. 
Empty the crucible into a small beaker. Rinse out the 
flask and crecible with 10 c. c. of hot HNO3, sp* gn 1.2 
Add this to the burnt residue in the beaker. Digest at a 
boiling heat for some minutes till all action ceases. Dilute 
to 50 c. c, add NH4OH till neutral, and then 3 c, c, in 
excess and filter. If much ferric hydroxide separates, redis- 
solve it in 2 c. c, of HNO3 ^nd reprecipitate as before, 
combining the filtrates. In the blue liquid the Cu may be 
estimated by KCN {See Assay, of Copper Ores), or in the 
case of small percentages, colorometrically by comparing the 
depth of color of the solution with that obtained by adding 
the same excess of NH4OH to a solution of copper nitrate 
containing a known amount of Cn and diluted to the same 
volume. One milligram of Cu is about as much as can be 
estimated in this way. If more is present, dilute the solu* 
tion to a known volume and divide it, 

ARSENIC. 

Thie element may be estimated by dissolving 10 grami of the 
metal in HNO3 sp. gr. 1»2, evaporating and baking as for phoi- 
phorus, dissolving the residue in concentrated HCl without heating^, 
which might volatilize AsClst diluting, reducing with NagSOg and 
precipitating the As by HgS as ASaSj. (See p. 47 ). The AssS, is 
then oxidized by fuming HNO^ and precipitated with magnesia 
mixture and weighed as MgsAsaO?. For details, see Freseniui^ 
Quantitative Analysis. 

The foUowing method is much shorter and is sufficiently accu- 
rate when only small percentages are present. It depends upon the 
volatilization of As as AaClj when a eolution containing it is boiled 
with HCl and a large excess of ferric and ferroui chloride. In order 
that the volatilization may be rapid and complete, the liquid should . 
have its boiling point raised to about 108* C. by the addition of ZnCl, 
or CaClii and should contain concentrated HCL 

Process, — Arrange tfae flask as for the evolution sulphur 
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method. The delivery tube must have a couple of good 
size bulbs in it to catch any FeClg mechanically carried 
over. The test tube receiving the vapors should stand in a 
large beaker of cold water. 

Dissolve 100 grams of commercial FeCla in 150 c, c. of 
concentrated HCl in a 500 c. c, beaker. Gentle warming 
accelerates the solution. When dissolved^ add cautiously 
4 grams of pulverized zinc. When this is dissolved, boil 
the solution gently for ten minutes to expel the traces of As 
found in the reagents. With new chemicals it is well to do 
this boiling in the flask, as in the regular determination » 
and determine the As given off. If this is more than a trace^ 
get other reagents. After boiling, cool the mixture. Weigh 
into the empty evolution flask 10 grams of the metal to be 
tested. Put 100 c, c. of cold water into the large test tube 
into which the delivery tube dips. Now add the FeClg 
mixture through the funnel tube, running it in very cau- 
tiously to avoid violent action* It may take 8 to 10 minutes 
to do this. Warm if necessary until the iron is dissolved ; 
then heat to boiling and boil steadily for 15 minutes. The 
As will practically all distill over as AsCls and condense in 
the water in the test tube. The delivery tube should pass 
to the bottom of this tube and the water in the beaker in 
which the test tube is placed be kept cold; as the liquid in 
the tube must not be allowed to reach the boiling point. 
At the end of 15 minutes take out the test tube and substi- 
tute a second one containing a similar amount of water, 
and boil the solution ten minutes longer* The second tube 
should show no more than a trace of arsenic. 

The liquid in the tube is poured into a beaker, and if 
not strongly acid made so by adding HCl, heated to near the 
boiling point and precipitated by a rapid current of H^S. 
The AS2S3 will separate promptly and may be filtered off 
onto a small weighed filter washed first with water, then 
twice with absolute alcohol^ then with pure bisulphide of 
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carbon (to remove any free S). It is then dried at 100° C 
and weighed. 

The As in the solution from the tube can also be estimated 
volumetrically with iodine, as follows: Cool the liquid and add a 
solution of NagCOg until the HCl is just neutralized; then add 1 c. c. 
in excess. Now add starch paste and titrate with iodine as in the 
sulphur method. As 2 of iodine are equivalent to 1 of AsClgi 1 atom 
of As is equivalent to 1 of sulphur; or by weight 8 : As : : 32 : 76. 
Hence, the sulphur value of the iodine taken multiplied by 75 and 
divided by 32 will give the amount of the arsenic present. 

Gibb. Jour. Soc. Chem. Ind 1901. p. 184. 
Norris. Jour. Soc. Chem. Ind. 1902. p. 393. 



THE ANALYSIS OF COAL AND COKE 

In the laboratory examination of coal the points to be investi- 
gated are usually: First, the amount of moisture that it contains as 
it occurs in the mine or on the market. Second, the amount of the 
impurities present that affect its use, such as ash, sulphur, and 
phosphorus. Third, the amount and quality of the coke that it will 
produce. Fourth, the improvement that it undergoes by "washing." 
Fifth, the fuel value, including the calorific power and the evapora- 
ting power. 

The sampling of coal is always a matter of considerable diffi- 
culty, as it deals with a mechanical mixture of several minerals 
which differ greatly in specific gravity; namely, pure coal, slate, 
bone coal and iron pyrites. These constituent minerals may occur 
in all degrees of size; for instance, the pyrites may be present as 
barely visible grains scattered all through the coal or as large 
lumps and streaks. It is obvious that in the latter case the diffi- 
culty is formidable of securing a small sample which shall contain 
the same percentage of the heavy pyrites as does the mass from 
which it is drawn. 

Finely crushed coal is liable to oxidation and change of com- 
position on standing exposed to air at ordinary temperatures. 
Hence the analysis should be made soon after the final sampling. 

It is impossible to give directions for sampling applicable to all 
cases, but in addition to the general precaution stated in the para- 
graph on Sampling on page 14, two or three special points may be 
emphasized. First, the sample must be large, at least 150 or 200 lbs., 
and if the ingredients are very coarse, still larger. Second, every 
care must be taken to make the sample impartial. Third, no 
separation of the sample by gravity must occur ; as, for example, by 
jerking of a portion from the end of a shovel full of coal, a procedure 
which will always give an undue amount of coarse and light 
material. Fourth, the sample must be reduced as promptly as 
possible. It may be quartered down to fifteen or twenty pounds at 
nut size. This should be crushed to quarter-inch and then " quar- 
tered "down to a sample that can be kept in a sealed fruit jar. 
Samples that are too wet to crush to quarter-inch size should be 
weighed in bulk, spread out and allowed to air dry till they can be 
handled, again weighed, and the sampling completed, of course 
calculating the subsequent analysis back to the original coal. 

The laboratory processes in use for coal testing comprise the 
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proximate analyBlH, the ultimate analyBis, the determlDation of 
Bulphur and phoRphorusT teBts of the coking power, washing the 
coal| and finaUy the determination of the heating power either by 
calculation from the results of the ulfcimate analysis or by use of 
the calorimeter. 

THE PROXIMATE ANAI^ySIS OF COAL. 

This is the one most usually made* The process is eonventlonal 
and must he strictly followed, as any departure will lead to much 
Tariation in results on moisture, fixed carbon, and volatile matter* 
The method which follows is that reported hy the Comniittee op 
Coal Analysis of the American Chemical Society. 

See Joiir. Am. Chem. Soc lff99. pp. IIIC, 11*5. 

The Determination of th^ Moisture and Ash, — Weigh 1 gram 
of the coal into a porcelain or platinum crncible. Put the 
crucible, uncoveredj into a drying oven and keep it at 104^ to 
107*^ C for exactly one hour. Cool and weigh. The loss in 
weight is called moisture and represents with sufficient 
exactness the hygroscopic water in the coal. Drying for a 
definite time instead of to constant weight is necessary ; as 
coal begins to gain weight by oxidation before all the mois- 
ture is expelled. Now set the crucible over a low flame, 
inclined so that the air can circulate in it. Set the cover up 
against the front of the crucible to help the draft. After the 
volatile matter has burned outj the flame may be turned tip 
a little ; but strong heating at first will greatly delay the 
subsequent combustion of the carbon. The burning can 
sometimes be hastened by cautiously stirring the material 
with a fine platinum wire. When all the carbon appears to 
have been burned, cool the crucible and weigh it. Then 
replace it over the burner and heat for at least ten minutes 
longer. Cool and weigh again, continuing this until two 
consecutive weights agree. It is essential that the ash be 
burned to constant weight ; as it will often continue to lose 
weight after all visible carbon has disappeared. From the 
final weight subtract the weight of the crucible to get the 
weight of the ash. 
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Where many analyses have to be made, a small muffle fnmaoe 
is very convenient for burning coal to ash. The coal can be burned in 
porcelain crucibles and then the ash brushed out into a watch glass 
and weighed with practically no error, if care is taken to burn the 
coal long enough to insure complete combustion. The muffle can be 
heated by gasolene or gas. 

See Stoeck. Tour. Soc. Chem. Ind. 1897. p. 304. 

TAe Determination of the Volatile Combustible MatteK-Weigh 
1 gram of the sample into a platinum crucible of 25 to 30 c.c. 
capacity. The ciucible must have a closely fitting cover. 
Set the covered crucible over a large Bunsen burner 
and heat for exactly seven minutes. Remove the burner 
let the crucible cool, and weigh it. Do not uncover the 
crucible till nearly cool. The upper surface of the cover 
should burn clean, but the under surface should be covered 
with carbon. The burner should give a flame 20 centi- 
meters high when burning tree, and the crucible should be 
so placed that the bottom will stand from 6 to 8 centimeters 
above the top of the burner, and should be supported upon 
a platinum wire triangle. The process must be conducted 
where the flame will not be disturbed by drafts. Variation 
in any of these details will aflFect the results. It is well to 
select one burner and always use it for this work. 

The loss in weight less the percentage of moisture gives 
the volatile combustible matter. The weight of the residue 
in the crucible gives the coke, and the weight of the coke 
minus the weight of the ash is reported as the "fixed 
carbon" in the coal. 

Of course the sum of the percentage of moisture, vola- 
tile combustible matter, fixed carbon, and ash will be 100. 

The method recommended by the Committee differs slightly 
from the one used by the writer for the coal analyses for the Ohio 
Geological Survey, which followed much more closely the original 
method of Heinrichs (Chem. News. Vol. xvii. p. 53). 

In the older method, after determining the moisture in the coal 
as directed, the crucible containing the same portion of coal is 
heated for three minutes over the Bunsen burner and then three and 
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a half minutea over the blast lamp, and the further loss called vola- 
tile coiobustible matter- The same portioD was then burned to ash* 
The writer has analyzed a number of samples by both methods with 
but little diflference in the results* The burning out of the ash ia 
more rapid where the coal has not been previously coked by ex- 
posure to a high temperature. 

T/i£ determination of Sulphur in Coal-^Esckka^s Methods — 
Sulphur exists in coal in three forms: Pyrites, '^organic 
sulphur/* and sulphates. By heating coal with a mixture 
of MgO and NagCOg, and with ample access of air, all un- 
oxidized sulphtu is converted to sulphites and sulphates of 
soda and magnesia. On boiling the burned mass with 
water, these, as well as any sulphuric acid existing pre- 
viously in the coal as sulphate, are all dissolved out as alka- 
line salts. By adding bromine water to the solution the 
sulphites are oxidised to sulphates, and then the total sul- 
phur can be estimated as BaSO^, by precipilation with 
BaCla. 

Preparation of the Soda Magnesia Mixture {Esckka MiX' 
ture). — Procure a **Kghf calcined magnesium oxide, which 
must be free from sulphur and water. If it contains mois- 
ture, ignite it at a dull red heat in a covered platinum 
crucible. The heavy dense oxide is not satisfactory. 

Mix two parts of the MgO with one part by weight of 
pure Na-^COs previously dried at a dull red heat. Grind 
the two together till thoroughly mixed, and keep the mix* 
ture in a glass stoppered bottle. 



If a satisfactory sample of sulphur-lree MgO la not available, it 
may be prepared as follows : 

Take a good quality of commercial "light calcined magnesia;'' 
add about two per cent, of c. p. Bodium carbonate^ and then stir it up 
in enough boiling water to make a thin liquid. Boil the mixture a 
few minuteB and let Bettlej decaut off the liquid by a siphon. Add 
wafcer^ stir up» ssettle^ and again decant- Continue this washing by 
decantation until a portion of the liquid, after being acidified \rith 
I HCl, «howE no trace of sulphates when tested with BaCl,, Now 
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pour the MgO onto a large filter, let it drain and air dry. It is now 
free from sulphur compounds. 

Ignite the air dry MgO in a covered platinum crucible until all 
water is expelled. 

A clean tin bucket can be used in this process where a quantity 
is to be prepared. 

Process. — Weigh one gram of the coal or coke (which 
must be finely powdered, especially in the case of coke), 
then weigh or measure out roughly two grams of the 
*'Eschka Mixture.*' Put about two-thirds of this into a 30 
c.c. platinum crucible. Add the weighed coal and stir the 
mixture in the crucible thoroughly with a small platinum 
spatula or glass rod, and then settle it down by tapping the 
crucible on the table. Now cover the contents of the cru- 
cible with the remaining portion of the '*Eschka Mixture.'^ 
Set the crucible in an inclined position, over a small alcohol 
flame, so that the tip of the flame may barely touch the 
crucible near the top of the mixture. The heat must be care- 
fully regulated, so that no blackening of the white cover 
layer takes place, and no trace of smoke appears. The 
cover should be laid against the mouth of the crucible to 
assist the draught. The mixture soon ignites and will 
gradually burn through, as may be observed through fissures 
which open in the mass. The coal will usually burn com- 
pletely in less than an hour. The heat may be raised 
toward the end of the combustion and the lamp set back 
under the bottom of the crucible. A higher heat may be 
used with cokes from th*^ . /t ; as these give no volatile 
products and burn slowly. Stir up the powder occasionally 
with a hot glass rod or platinum wire. When the burning 
is complete, all trace of the black coal will have disappeared 
and only a light, reddish gray mass remain. Cool and then 
pour the powder into a 200 c.c. beaker. Add about 75 c.c. 
of boiling water, stir and digest on a water bath. Then 
filter, washing the residue twice by adding about 30 c. c. of hot 
'^ter, and decanting off, then transfer to the filter. 
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Wasb on the filter ontll the volume of the filtrate amounts 
to about 200 c.c. This will extract practically all of the 
sulphur. 

Add bromine water to the filtrate till the liquid is 
colored yellow ; theu addSc.c. of HCl and warm till the 
CO2 is expelled. Test the solution with litmus paper to 
make sure that it is distinctly acid. Then add 10 c.c. of 
EaCl^ solution (10 per cent.). Set the beaker on a warm 
plate, but do not let it come to boiling^. Stir the liquid 
occasionally until the BaS04 becomes granular and settles 
well. Now filter, wash, dry, iguitej and weigh the BaS04. 
Calculate the sulphur as S. 

Always examine the residue which was extracted with water, 
by washings it off the filter into a beaker, atid then adding a little 
HCl and warming. All will dissolve but a little ash. If more than 
a trace of unburfied eoal is seen in the residuei the analj^sis must be 
repeated. 

The residue sometimes retains a very small trace of sulphur. To 
test it, add a little bromine water with the HCl as above and boil. 
Filter off the liquid and add BaClg. If any sulphur is found, add it 
to the main precipitate. 

This is by far the best inethod for the determination of sulphur 
in coals. If care be taken in all details, especially as to rate of heat- 
ing, there is no I0B8 of sulphur whatever. 

It has been proposed to substitute K^COa for the NaaCOg, the 
claim being made that there is less danger of loss of S with the 
potaBsium carbonate, but the writer^s experience has shown it to be 
absolutely unnecessary. 

The use of alcohol instead of gas as a source of heat is essentiaL 
All coal gas contains sufficient sulphur to -mtiale the results. 

The most difficult step in the process is the burning out. In 
analyzing coke much time can be saved by using a higher heat than 
is given by an alcohol lamp. This can be obtained by using a gaso- 
lene blast lamp or working in a muffle heated by gasolene. If the 
muffle is heated by coke or coal gas, care must be taken that no 
sulphur gets into it from the fuel. 

Determinations of ash in coal and coke must not be made in the 
muffle at the same time with sulphur determinations ; as the BOj 
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formed will be absorbed by the ^' Eschka Mixture ^' and make the 
results high. 

Cokes can be burned with " Eschka Mixture *Mn a platinum 
dish. They should be stirred frequently, which will hasten the 
combustion. It is unsafe to treat coals high in volatile matter in 
this way ; because the gas given off must be burned in the mixture 
and not on the surface, or sulphur may escape. They must be 
burned in the crucible, and by properly regulating the air supply 
and the temperature the gas can be rapidly burned as it is given off. 
When the volatile matter is expelled the heat can be raised and the 
mixture stirred. 

A blank determination must be run on the reagents. 

Eschka. Zeits. Anal. Chein. vol. XIII. p. 844. 
Drown. Trans. Am. Inst. Mln. Engs. vol. IX. p. 600. 

The Determination of Phosphorus in Coal and Coke. — 10 grams of 
the coal are carefully burned to ash in a porcelain crucible. The 
ash is then analyzed for phosphorus exactly as though it were an 
iron ore, excepting that it is always necessary to fuse the insoluble 
portion. HCl will not dissolve all the P out of the ash even on pro- 
longed boiling, though the amount left is usually very trifling. 

Process, — Mix the ash from 10 grams of the coal with six 
times its weight of pure NaaCOg and half its weight of 
NaNOg. Fuse the mixture in a platinum crucible, soften 
up the fusion with water, dissolve in an excess of HC1> 
evaporate to dryness, take up with HCl and water, and filter 
from the Si02 ; then proceed as by the yellow precipitate 
method for phosphorus in iron ores (p. 51). 

The fusion can be avoided by the use of hydrofluoric acid as 
follows : Add 6 c.c. of dilute HCl and 10 c.c. of HFl to the ash in 
the platinum crucible. Evaporate to dryness in a good hood ; do 
not bake the residue and thus render it insoluble. When cool, add 
15 c.c. of dilute HCl and heat. The residue should dissolve com- 
pletely, but a little insoluble matter may be flltered off and neglected* 
Put the solution into a flask, add NH4OH, then HNOg, then molyb- 
dic acid solution, and ^^ shake down ^^ the phosphorus as in the 
Emmerton method. The yellow precipitate may be either weighed 
or titrated. 

See J. M. , Camp. Iron Age, 65, p. 17. Also ** Methods Around 
Pittsburgh," p. 139. 
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THE ULTIMATE ANALYSIS OF COAL. 
The Determination af the Carbon and Hydrogen by Combus- 
Hon in Oxygen,^- 

The coal, placed in a boat of porcelain or platinuTn, is burned 
in a combustion tube, through which a current of purified air and 
oxygen gas is pas Bed, The HjjO and CO^, produced are absorbed and 
weighed. As the coal contains sulphnri the gases prod need by the 
combustion must be passed over lead chromate to absorb the 80» 
formed. 

The same chromate can be used for many determinations. As 
long as it does not turn green for more than one-dfth of the length 
in the tube it is perfectly safe. The writer has naed the same chro- 
niate for over fifty combustions, and then tested it by burning 
sulphur in the tube, and found no SO^ escaping the chromate. 

The principal difficulty in the process arises from the fact that 
coal begins to decompose at a low temperature, giving off among 
other products methane, a gas which it is very difficult to burn 
completely, and which is very likely to escape from the combustion 
tube unoxidized. To secure its complete combustion a long and hot 
layer of copper oxide is necessary. 

The process requires close attention to details and skill in fitting 
up and manipulating apparatus. The precautions mentioned under 
the combustion method for carbon apply equally here, especially as 
to the jmrity of the oxygen and the copper oxide* The latter should 
be examined for CaCOg or other carbonates which are liable to give 
up CO3 on heating, and also for bases which may absorb CO,, 
CaCOg will be decomposed at one temperature, and the CaO formed 
will absorb VO^ at another. CuO can be examined for CaO by ex- 
tracting it with a little dilute HNO3, adding NH^OH in excess, and 
then testing the liquid with (NH^jCaO*. The *'wire^' oxide is the 
best and should be uwed. 

The asbestos used in the tube must be freed from carbonates by 
treatment with HCl and ignition, as directed on p, 127. 

The oxygen must be tested as to its purity, and must not be 
kept in rubber bags or passed through long rubber tubes. 

Oxygen can be purcliased in cylinders, or it can be made 
by heating a mixture of pure KCIO, with one-third of itis weight of 
MnO,, in a 250 c.c. rouud bottomed, long necked flask of hard glass 
(Kjeldahl flask)* The flask should be surrounded by a cylinder of 
wire gauze to protect the face in case of an explosion. The mixture 
must be tested for carbon by first heating a little of it on a platinum 
crucible cover; it should not sparkle or flasti. The gas so made will 
contain some CI and CO^ which must be removed by KOH solution^ 
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The Arrangement of the Apparatus. — This is in many 
respects similar to that used in the determination of the 
carbon in iron, except that as the water is to be weighed as 
well as the CO2, tubes for absorbing it are added. 

The train comprises : First, a gas holder for the oxy- 
gen. The one described on p. 125 is very satisfactory. 
About 500 c.c. of oxygen is required for each combustion. 

Where only an occasional combustion is made a simple 
gas holder can be made of a couple of glass bottles. Such 
an arrangement is shown in Fig. 8, p. 126 

Second, the purifying train for the air and oxygen. 
This is made in duplicate, as described under the determina- 
tion of carbon, and includes in addition to the reagents 
there given a bottle containing sulphuric acid to absorb the 
traces of ammonia or its salts usually present in the air of a 
laboratory. If these were not taken out they would burn in 
the tube and form water and make the results on hydrogen 
too high. As it is as important to purify the air from mois- 
ture as from CO 2 in this process the train is made larger and 
separate U tubes are used for the soda lime and the CaCl2. 




^ t 6 i -ti 

Fig. 9— Purifying and Absorbing Train for Goal Oombustlons. 

Fig. 9 shows the details : A is a bottle with moderately 
concentrated H2SO4 ; B is a bottle with about 50 c.c. of 
KOH solution of 1.27 sp. gr.; C is the U tube with the soda 
lime, and D is the U tube with the CaCl2. 

Third, the combustion tube: This should rest on 
asbestos in the trough of a long gas combustion furnace. 
The tube should be made of the best infusible glass and 
have an internal diameter of about half an inch. The walls 
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of the tube must not be too thick or they will crack. The 
ends of the tube should be rounded by heating and should 
be fitted with good soft corks, well rolled. Rubber con- 
nections with this tube are not to be recommendedj as they 
become warm and are liable to give off hydrocarbon vapor 
and to absorb some COa- A long tube and furnace are 
necessary. The writer uses a furnace with twenty-five 
burners and a tube forty inches long. 

The tube is filled as follows : A space of five to five 
and one-half inches is left empty at the end nearest the 
absorbing train. Then follows : 1. A plug of asbestos. 
2. Five inches of fused PbCr04 in small lumps. 3. An 
asbestos plug, 4, Twelve to fourteen inches of purej re- 
cently ignited **wire'' CuO (or a close coil of fine copper 
gauze thoroughly oxidized by heating it in a stream of pure 
oxygen). 5. An asbestos plug. 6. The *'boat'' for hold- 
ing the coaL There must be thirteen or fourteen inches of 
empty tube following the last asbestos plug> so that the part 
of the tube in which the ** boat " is placed will be well in the 
furnace^ and yet the tube itself project at least four inches 
outside of the furnace. The end of the tube is connected by 
a cork, glass tube, and rubber connection with the purifying 
train. The cork connections in the ends of the combustion 
tube must not become hot enough to run any risk of being 
burned; hence a sufficient length of tube must project from 
the furnace at each end. These projecting ends should be 
further protected from the heat of the furnace by discs of 
sheet asbestos six or seven inches in diameter, with holes in 
the center through which the combustion tube passes. 

With a tube arranged as above It is not necessary to iniert a 
copper coil behind the *' boat/* as is eometlmea directed, provided 
the Goai ie siowly heated bo as to expel the volatile matter gradu- 
ally, and that a continuous current of air or oxygen is kept passing 
through the tube, so as to prevent the products of the decomposition 
from working back, condensing in the oool part of the tube, and to 
escaping oombustlon. 
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Fourth is the absorbing train following the combtistioii 
tube, shown in Fig. 9, and consisting of G, aCaC], tube, the 
end of which is inserted into the cork of the combustion tube ; 
H» Liebig potash bulbs; I, a soda lime, CaClj tnbe similar 
to that used in connection with the potash bulbs in the 
determination of carbon in iron ; J, a guard tube similar to 
I but reversed, which is connected with an aspirator for 
drawing air through the apparatus. 

A *'Mariotte bottle," arranged as ehown in Fig* 
10, makes the best aspirator. The suction tabe» A, 
pa«Beg in through a rubber stopper mt the top and 
reaches nearly to the level of the ruQ*out tube. By 
Blipping the suction tube up or down, the suction 
bead can be regulated so as just to overcome the 
rests t4ince of the train ^ and will then remain ex- 
actly tlje same aA long as the water in the bottle is 
above the end of the ttibef and thus the rzite of 
aspiration can be more easily kept constant. 

Testing- the Apparatus,^ Fir sty see that it is 
perfectly tight by starting the aspirator and 
shutting ot the entrance of air. Second, heat 
the tube redhot throughout and aspirate two 
litres. Detach and weigh the potash bulbs and U tube. 
Connect up again and aspirate one-half litre of oxygen and 
then two litres of air. Detach the tubes and weigh. There 
should be neither gain nor loss of weight When con- 
secutive weighings are tound to agree within 0.5 milligram, 
the apparatus is ready for the analysis. 

Process of Analysis. — Ignite and cool the boat. Weigh 
into it 0.2 gram ot the fioely pulverized and well mixed 
coaL (The sample must be made very fine^ or weighing so 
small a quantity average results will not be obtained.) 
Insert the boat into its proper place and connect up the 
apparatus. Then carefully heat the PbCr04 to dull redness 
and the CuO to bright redness, drawing a slow current of 
air through the apparatus all the time. Now heat the tube 



Fig, 10.— Marlotte 
Bottle Aiiplrator* 
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behind the coal and then the coal itself, cautiously, until the 
volatile products are slowly driven oflF and carried forward 
over the hot CuO. Then introduce oxygen, regulating the 
supply so as to avoid too vigorous combustion and conse- 
quent fusion of the ash, which will lead to retention of 
carbon. After the carbon is all burned, which is shown by 
the sudden disappearance of the glow, continue the oxygen 
for two minutes J then cut it off and aspirate air. Turn 
oflF the gas burners and let the tube cool. Continue the aspi- 
ration until 1200 c.c, or more (at least seven times the 
capacity of the tube and absorbing train) has been drawn 
through. Now detach the absorption train and weigh. 
The increase in the weight of the CaClgtube gives the water 
produced This divided by nine gives the weight of the 
hydrogen in the coaL The increase in the CO 2 apparatus is the 
CO2 \ T^ of this is the carbon. The apparatus is now ready for 
another determination, as the CuO will all have been reoxi- 
dized by the air current. 

The aspiration Bbould be soiregulated that not more than two 
or three bubblesipaes through the potash bulbs per second* During 
the combustion in the oxygen the gas will conaiet largely of CO, 
and will be almost wholly absorbed, though the flow of oxygen into 
the apparatus may he quite rapid at the time. Care must he taken 
that the oxygen supply is suflQclent to prevent back suction at this 
time. 

As soon as the QO^ is absorbed the gas may begin to run 
through the potash bulbs too rapidly unless the gas supply is 
promptly reduced. 

The pressure of the gas in the tube sbonld be ^ept near that of 
the atmosphere. This can be>ccomplished by careful regulation of 
the gas and the aspirator. 

As was noted in the determination of carbon in steel, it is 
desirable to reduce the nee ess aryi aspiration to as small a yolume as 
possible by nsiug smaU connection tubes [and a compact trainp This 
both saves time and increases accuracy. 

After the boat containing the ash is withdrawn from the tube, 
weigh it. The ash so determined should agree with that found In 
the proximate analysis. 
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The tube should be kept carefully closed with good corks when 
not In use. A train and tube such as that described can be used for 
months* A good tube of Jena glass, while it may twist out of shape 
badly, will not crack or blow if carefully handled. Fifty or more 
determinations can usually be made on one filling of the tube. 

THE DETERMINATION OF THE NITROGEN IN COAL. 

One gram of the very finely pulverized coal is boiled with 30 
CO. of concentrated HjSO^ and 0.5 gram of metallic mercury until 
the carbon is completely oxidized and the liquid is nearly colorless. 
A little potassium permanganate is then added. When the liquid is 
cool it is largely diluted with water, the mercury precipitated by 
K,8. and the ammonia it contains determined by distiUation after 
adding an excess of solution of NaOH. This is the **Kjeldahl 
process,'' and depends on the fact that all the nitrogen is converted 
into ammonia by the treatment with H^SO^. For a complete de- 
scription of the process^ see Report of the Proceedings of the Asso- 
ciation of Official Agricultural Chemists: Bulletin of the U. 8. 
Department of Agriculture, 1895, No, 40. The results on coal are 
accurate, provided the sample is very finely pulverized and time 
enough given in the digestion to entirely oxidize the coal. This 
may take two or three hours. 

The soda-lime method can also be used and will give satisfac- 
tory results, provided the coal is completely burned and the soda- 
lime heated in the tube until it shows no more black color and 
leaves no unburned carbon when tested by solution in HCL For a 
description of this method, see Fresenius' Quantitative Analysis, 



THE OXYGEN IN COAX*. 

As no good metliod is known for the direct determination of 
the oxygen in coal, it is always determined by ditference, the sum 
of the percentages of H, C, N, S| and ash being subtracted from 100 
and the remainder called oxygen. The result so obtained is always 
Inaccurate, the error increasing with the percentages of the ash and 
the sulphur* The weight of the ash does not represent that of the 
mineral matter in the coal, the pyrite in the coal being burned to 
FejOs and the sulphur passing off as 80 j. Thus 4 of 8 in 2Feet ^ 
replaced by S of O in the Fe^Oai and the loss of weight is equal to f 
of the 8. For this reason many chemists use } B instead of 8 in the 
determination of O by difEerence. As coals contain sulphur in other 
forms than FeSa, and also frequently other compounds that lose 
weight on burning, such aeFeCOa and CaCO,, it is doubtful whether 
the results obtained in this way are any better than those given by 
the simple formula first given. 
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TESTING THE COKING POWER OF COAL- 
The surest way to ascertain the quality of coke furnished by a 
coal is to test it in a regular oven ; but as this involves considerable 
expense and a large quantity of eoal^ a laboratory test which would 
enable the chemist to form frtan a small sample, such, for instance, 
as can be obtained ia prospecting by drill holes, a reasonably accu- 
rate idea of the cementing property of the coal, is very desirable. 

Testq made by putting a box or barrel of the coal to be tested 
into an oven with other coal are misleading \ as the gases in the 
oven carry carbon into the specimen tested, and will often give the 
appearance of a good coke to the product from coals of very inferior 
coking quality* The following method has been us*^d by the writer 
for some years ^ and has proved generally useful. It consists in mix- 
ing the coal with a weighed amount of standard ground silica, 
coking the mixture in a small rectangular niould of platinum, and 
then testing the transverse strength of the little bar of coke so ob- 
tainedi The apparatus consists of a small platinum '*boftt** two 
inches long, one-quarter inch deep, and the same width at the bot- 
tom, but having the sides flaring a little, so that the coke bar will 
readily drop out. The boat is provided with a close fitting cover, 
which overlaps like a box lid. The cbal must be palverized fine 
enough to go through an SO-mesh sieve. 

Five grams of the powdered coal are thoroughly mixed in a 
small porcelain mortar with ten granas of ground silica. The plati* 
num mould is then filled with the mixture, tapped to settle it, 
**struck even,'' and the cover put on. It is then set on a platinum 
support and heated over a good Bunsen burner till all flaming ceases 
and it is red-hot throughout. It is then cooled down to below red- 
nessi uncovered, and the block of the coke dropped out into water. 
Treated in this way, the dry, non-coking coals will fall to powder, 
but the cokingicoalslform a more or less solid bar of coke two inches 
long land one-fourth inch square. If the bar is cracked or defective^ 
it is rejected and a new one made. It Is easy in a few moments to 
prepare in this way two or three sound bars. 

These are then tested by laying them on two round wires one 
and one-half inches apart^ and hanging a small wire loop over the 
middle of the"bar. This loop carries a little bucket, into which 
small shot or ** test lead" is carefully poured until the bar breaks. 
The bucket with its contents is then weighed and gives the breaking 
strengthjof the little bar of coke. Several tests should be made. 
They willivary considerably among themselves, but the averages 
are fairly reliable. Similar tests are made on several representative 
cokinggcoals. By comparing the figures obtained from these coals 
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In order to determine the aaaljsis of the eoke produced from a 
eoftl, it fo neeeflsary to prepare a sample of the coke. This o*a boj 
done Id a small wind furnace ba follows: Select two clay cfoeiiilwl 
of Bnch a ^ize that one will set easily inside of the other. The writer 
ujies a Denver fire clay '^ 2h gram assay '' cmcible for the inner and 
a large ** Hessian '' for the outer. Grind a cover onto the inner onei 
with sand till it fits closely. Pat the lai^er one in the furnace and 
lei It get bright red hot. Meanwhile charge the smaller with 100 
grams of the coaU crushed to about one-fourth inch mesh. Cover 
the smaller crucible and set it in the large one^ throw a little coal in J 
on top of it, and then carefully cover the larger one. At the end of 
an hour lake out both, put a little more coal into the outer crucible, 
and then let them cool covered. When cool, take out the inner 
crucible and remove the coke from it. The object of the coal in the 
out^r crucible is to prevent oxygen getting into the coke and burning 
out sulphur* 



THE DETERMINATION OF THE POROSITY OF COKE. 

The value of coke aa a bla«t furnace fuel depends somewhat on 
Its porosity, as its speed of combustion will increase with the sur- 
face exposed to the blast. 

The porosity is usually expressed as the percentage that the 
volume of the pores forms of the volume of the coke. 

It can be determined by weighing the coke in air and then in 
water, and then fllllng the pores with waterand weighing it again. 

The difficulty of fllllng the pores with water is, however, so 
great that fche results are very uncertain. It requires long boiling in 
water and repeated exhaust ions under an air pump to remove the 
air; and t%n there are probably pores that do not open to the surface, 
fche filling is never complete. 

The following method, depending on the determination of the 
true apeoiilc gravity of the coke substance and the measurement of 
the volume of the coke, is much preferable. It is essentially that 
published by W, C. Anderson, Jour. 8oc, Chem, Ind, : Vol. XV. p. 20, 

Determination of the Speoifte Gravity of the Coke Substance.— Into 
fche neckofafiOcc. specific gravity bottle put a glass tube wide 
enougti to fit air tight when surrounded with a collar made of a 
rubber tube* The glass tube must have a bulb about an Inch in 
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diameter blowti in it juet above the bottle. It serves to catch any- 
thing boiliog out of the flaRk and return iL Weigh into this bottle 
3.6 grams of the pulverized coke. The coke must be ground in a 
Wedgewood mortar until it will go through a 40-niesh sieve, and 
dried at 100 ^ C. 

Now add about 20 c-c. of water to the bottle and set it on a 
water bath for fifteen minuteBi shaking it occasionally till the coke 
powder is saturated. Now attach to the tube a Buneeu suction 
pump giving a good vacuum and exhaust the air till tlie liquid bolls 
gently. Continue the boiling in a vacuum for two and one-half 
hours* Remove the dask, cool it, fill it up with water, and weigh 
as usual after inserting the stopper* 

The bottle should have a eounterpoiae, of course, so that the 
weight obtained will be that of the coke and the water only. As 
the bottle holds exactly 60 grams of water, the specific gravity of 
the coke will be : 

W 

W— (W^— SO) 

in which W equals the weight of the eoke» and W^ the weight of the 
coke and water together. The true specific gravity of coke taken in 
this way varies from 1.76 to 2.00, 

The Determination of the Volume or Apparent Specific Gravity of 
the Coke in Lumps. — Several average lumps should be selected and 
broken up just enough so as not to include any large mechanical 
fissures or cavities. They should then be brushed free from all dust 
and dirt and carefully dried and weighed. The volume of these 
fragments is then determined by measuring tlie amount of water 
they displace. 

This can be done with sufficient accuracy in the following 
simple apparatus : Take a pint *' ointment jar *' with a wide mouth 
and a brass or aluminum screw cap* Cut a gasket of sheet rubber 
to fit over the end of the jar, so that the top will screw down onto it 
and make a tight joint. The end of the jar should he ground 
smooth. Cut a small hole in the top which should be just large 
enough to admit the stem of a 50 c. c. pipette* Screw on the top and 
fill the jar with water till it runs out of the top and includes no air 
bubbles. Carefully take out 50 or 100 c.e. of the water by means of 
a pipette put in through the liole in the top. Now unscrew the top, 
put in 50 or 100 grams of the weighed lumps of coke^ shake them 
around to loosen air bubbles^ replace the cap on the jar and run in 
water from a burette until the water oomes exactly to the level of 
the hole. The difference between that measured out with the 
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pipette and that measured back in with the burette, will be the 
volume of the coke in cubic centimeters* 

To And the volume of the pores in the coke^ subtract ita wei^^ht 
divided by its true specific gravity from the volume of the coke as 
determined above. The percentage that the pores form of the total 
volume of the coke will be: 



100/ 1- 



Wt. of the coke 
Vol. of coke X Bp. Gr. 



The object of the washing of coal on jig's or other washers is 
the reduction of the ash and the sulphur in the coaL The benefit 
that a given coal will receive in the process will depend upon the 
fomi in which these impurities occur in it. Only the ash tliat ia 
due to intermixed elate and the sulphur that is in the form of free 
pyrites can be removed by the process, which depends upon the dif- 
ference in the specific gravity between these materials and tlje cohI. 
The fineness to which the coal must be crushed in order to effect a 
satisfactory breaking apart of the heavy and light material will 
depend upon the nature of the coal seam. The liner the coal has to 
be crushed the greater will be the lose of coal in the slimes. All 
these points can he investigated in the laboratory. 

The operation consists in crushing the coal to some determined 
maximum sizei then separating it into a series of sizes by sieves, 
and finally separating these sizes into their heavy and light com- 
poneuts. 

The specific gravity of coal is less than 1,S6, while that of 
the impurities is always above this figure; hence the separation 
into light and heavy parts can be made, as suggested by Dr. Drown , 
by mixing the coal with a solution of CaClj, of 1.35, sp. gr. on which 
the coal will fioat aod in which the impurities will sink. 

The apparatus needed consists of, first, a set of sieves of one- 
half, one-fourth, and one-twentieth inch mesh; second^ a "miner's 
pan '' or some equivalent in which a small quantity of material can 
be washed ; third, a solution of calcium chloride of LS5 sp. gr.., made 
by dissolving one pound of crude CaCla in a quart of water, and 
when the solution has cooled^ diluting it to exactly the right 
gravity. 

The coal is crushed, avoiding the production of dust as far aa 
possible, until it will all pass through the half-inch sieve. The 
sample is then thoroughly mixed and a weighed amount of it (from 
three to five kilograms) sifted over the quarter-inch and the twen- 
tieth Inch sieves. This divides it up into sizes }ito}i^H to iVi ^^^ 
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1^ to dust. The quantity in each size is then weighed and expressed 
in percentagea of the whole. The two larger sizes are now separated 
in the chloride of calcium solution as follows: A beaker holding 
about a litre is nearly filled with the solution ^ the coal put into it a 
little at a time and well stirred to thoroughly wet it and detach all 
air bubblea. The coal rises to the surface^ while the slate and 
pyrites settle to the bottom. Enough of the coal should he put in at 
a time to make a layer about an inch thick when it rises to the top- 
This Ig now skimmed out with a little dish or a dipper and dropped 
into a large funnel, the neck of which is closed with a small per- 
forated porcelain disc. More coal is now added to the solution and 
the operation continued until all of the given size is thus separated. 
The coal in the funnel is then thoroughly cleaned frona chloride of 
calcium by pouring water over it, allowed to drain ^ then spread out 
on paper, air dried and weighed. The chloride of calcium solution 
is then carefully poured off from the heavy material in the beaker, 
which IB then washed out, dried and weighed. The material finer 
than one- twentieth of an inch is washed in the miner^s pan. The 
coal is stirred up in water in the pan^ and then hy rocking the 
pan carefully the lighter portion is floated off and can be caught in. 
a lar^^e dish where it is allowed te settle* The water is decanted off 
and the material air dried and weighed. The slate and pyrites left 
in the pan are also collected and dried and weighed. Each of the 
above products should then be analyzed for ash and sulphur. As a 
check, the analysis of the original coal should be computed from the 
analyses of these products, and should agree very closely with that 
of the original sample. The lighter products from the pan may be 
stirred up in water, and the portions settling in about one minute 
separately weighed. The fine stuff floating off is determined by 
difierence, and will conBtitute approximately the coal lost in 
washing, 

A little practice is necessary in order to properly manipulate 
the pan ; but the treatment of the fine stuff in the CaCla solution is 
very unsatisfactory, and as it forms only a small portion of the 
whole, inaccuracies in the panning will have little effect. From a 
comparison of the results shown on the various sizes, it may be 
desirable to repeat the experiment, crushing the whole of the coal 
to one-fourth inch or even to one»eighth inch» in order to separate 
very finely disseminated pyrites and secure a coal low in sulphur. 
But as the loss in washing falls almost wholly on the finer coal, the 
increase of the proportion passing the smallest sieve must be care- 
fully noted. 

If the coal is crushed to smaller sizes and then separated In 
the solution, all the finest dust must be first sifted out on a @0 or 80 
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mesh sieve, or it will clog up the filter® and prevent the draining off 
of the Bolntion. The dust can then be panned as UBuaL 

SeeDrowii. Trasi. Am. Inst Mia. Eugs. Vol. XIIL p. 341 
Stoek, Jour, Soc. Chem. Ind. 1B»7. p, 804. 

THE DETERMINATION OF THE HEATING POWER OF COAL, 

Bf the heating power of a fuel is meant the total amount of 
heat produced by the complete combustion of the unit weight of the 
fuel. 

In order to simplify calculations in technical work It is con^ 
venient to define the unit of heat as the heat required to raise the 
unit weight of water the unit of temperature. If the unit of weight 
is the kilogram and the unit of temperature the degree Centigrade, 
the unit of heat is the Calorie* If the units are the pound and the 
degree Fahrenheit, the heat unit is the British thermal unit. 

With the heat unit defined as above, the number expressing 
the heating value of a fuel will be the same, whatever the unit of 
weight adopted, as long as the unit of temperature is unciianged. 
If the unit of temperature is changed, as^ for instance, from 
Centigrade to Fahrenheit, the figure for the heating value will 
simply have to be changed in the inverse ratio of the dimenBions of 
the units. 

In the example quoted, as the ratio of the degree to the 
degree F is }f J, heating powers in calories can be converted into 
heating powers in B. T. U, by multiplying them by fJJ, or |* 

The heating power of cokei anthracite and bituminous coal can 
be calculated with sufficient accuracy for many purposes from the 
ultimate analysis by Du long's formula, as follows : 

Heating power = 8080 C + 34460 (H— }^0 ) + 2250 S. 

On the fuels specified the results by this formula rarely differ 
more than 2 per cent, from those obtained with the calorimeter. 

Where accurate determination of the heating value is required, 
the direct combustion in the bomb calorimeter should be made. 

For a description of tiie several forms of this instrument, the 
methods of using them, and the precautions necessary in order to 
secure accurate results, see Fuel by Herman Poole; Mahler, BoUetin 
de la Societe de L' Encouragement de L'lndustrie; Bertholet, 
Mechanic Chemique and Longuimine, Bestimmung der Verbrennungs 
Warme. 




THE ANALYSIS OF FURNACE AND FUEL GAS. 

In metallurgical work two classes of gas mixtures have to be 
analyzed; first, the gas froni chimneys, flues^ blast furnaeeSi etc*, 
representing products of combustion ; second, the various gases 
used as fuel, such as '* producer gas," illuminating gas, natural gas, 
etc. 

The gases of the first class are usually tested for the purpose of 
Investigating the nature and the completeness of the combustion in 
the furnace; those of the second class for the purpose of determin- 
ing their fuel value and freedom from injurious impurities* 

The methods which follow are for the rapid analysis of these 
gases, and give sufficiently accurate results for furnace control. For 
fuller information on the general subject of gas analysis, and for the 
more exact methods with mercury as the containing fluid, the 
student m referred to W. HempePs Gas Analysis, translated by 
Bennis, and to Clemens Winkler's Technical Gas Analysis. 



THE ANALYSIS OF FLUE GAS. 

Flue gas contains CO^, O, CO, N, and sometimes small percent- 
Ages of SO5 and hydrocarbons. The gas is usually saturated with 
water vapor, but this is not considered in the analysis, which 
refers only to the dry gas. The percentage of water in the saturated 
gas can be calculated from tlie temperature; ii* the gas is not satu- 
rated, its '*dew point" (the temperature at which moisture begins 
to condense from the gas) must be taken, and the tension of the 
water vapor it contains found from thit*. If the temperature of the 
gas is above the boiling point of water » draw a measured volume 
of it through a condenser, taking the temperature of the saturated 
gas as it comes out. 

I Weigh the water collected from the condenser and add to it the 

i moisture remaining in the gas, as calculated from its temperature 
after the cooling. 

Only the COj, CO and O are usually determined in flue gas, the 
remainder being considered as N. 

In making the analysis, a measured volume of the gas is treated 
j successively with a series (.f reagents that absorb the several con* 
I stituents, the remaining volume being measured after each absorp- 
I tion. The gas is measured in a graduated tube, which must be 
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surrounded with a water jacket to keep the temperature constant 
during the time taken for the analysis. 

The gas is always measured at the atmospheric pressure. As 
the time taken for the analysis is very short, it is assumed that the 
temperature and the barometer remain constant during the period. 

Sampling the Gas, — The gas should be drawn from the 
flue by a pipe that crosses it at right angles and extends to 
within six inches of the further wall. The end of the tube 
should be closed with a cap, and the gas should be drawn 
into it through a number of holes about ^ of an inch in 
diameter, drilled along the side of the tube at regular inter- 
vals not greater than six inches. The nearest holes should 
not be less than six inches from the side of the flue. The 
diameter of the tube should be at least twelve times the 
diameter of the holes in the side. This will insure a uni- 
form sampling across the flue. 

The writer has carefully tested this point by inserting such a 
tube in air and gas for different portions of its length and analyzing 
the gas drawn from the tube. The composition of the issuing mix- 
ture was always |>roportional to the number of holes in the gas and 
in the air, air and gas being under atmospheric pressure. 

The sampling tube can be made of iron if the temperature of 
the flue does not exceed 340 ° C, as at that temperature iron, even if 
rusted or covered with soot, is without action on flue gas, neither the 
CO nor the CO, being aflected. This point was tested by the writer 
by passing flue gas containing CO through a glass tube filled with 
iron tacks, also with rusted tacks and with soot and tacks. The 
tube was immersed in a bath of melted lead, and the temperature 
of the lead measured by a nitrogen filled high temperature ther- 
mometer. If soot and rust are present on the iron, action begins 
about 340° C and is rapid at 400° C, CO being oxidized by the FegOg and 
O consumed by the soot forming CO,. With clean iron, however, there 
is practically no action at 400° C. As 340° C is above the temperature 
at which most flue or blast furnace gas is drawn off, the» use of iron 
tubes is generally permissible. For flue temperatures higher than 
840° C, water-cooled tubes must be used for withdrawing the samples. 
For rapidly withdrawing a single sample from the interior of a fur- 
nace, an iron tube, open at the end and wrapped with a quarter of an 
inch of sheet asbestos tied on with wire, can be used. The asbestos 
cover is well soaked with water and the tube run into the furnace 
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and the sample drawn. A tube no protected can remain in a white 
hot furnace for two or three minutes without the asheatos drying- or 
the tube heating beyond a safe point. VVhere there is a strong 
drafts as in a chimney flue, it is important that the opening by 
which the tube passes through the wall be well plastered up with 
clay^ or air may be drawn in and reach the nearer holes and affect the 
Bampie. From the end of the sampling tube the (gas is drawn con- 
tinuously by a water or eteam aspirator. If the'gas^samplef is Ito be 
kept any time before analysis, it must be borne in mind that gases 
containing CO2 cannot be preserved over water, as the COg is rapidly 
absorbed. If the water is saturated with salt, the solubility of COj 
is somewhat diminished, and what is more important, the rate at 
which the gas is taken up is much reduced. Hence, brine should be 
used when the gas has to be kept over a liquid for more than a few 
minutes. Samples cannot be kept unaltered in rabber bags. 

In most cases it is possible 
nnd far preferable to make 
the analysis at the furnace, 
especially where a series of 
analyses is required. Where 
this ia not possible, as, for in- 
stance, on a locomotive engine 
test, the apparatus shown in 
Fig. 11 will be found very 
effective and convenient for 
drawing a series of samples 
at short intervals. 

The sample tube, F,f, has a 
capacity of about 2(50 c.c. ; the 
ends are closed with rubber 
tubett stopped with short glass 
rods J. A number of these 
sample tubes are provided; 
they are kept in a rack in a 
boXi and are filled with water 
before starting out. In the 
apparatus itself: A is a bottle 
of about a litre capacity, con- 
taining absorbent cotton to 
filter the gas, C is a small 
bottle containing a little mer- 
cury; it serves as a trap to 
prevent reversal of the gas 
current. The gas enters 
FlG. 11. - Portable Gaa Sampling Apparfttas. through E, and is drawn out 
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through D hy an SBplrator a the rate of about 160 o.o. at mmnte* 

Thus the bottle, A, will always contain a gas representing the 
average of several minutes, H 1b a "pressure bottlCi** connected as 
shown* 

In taking the sample the apparatus is set up as shown ; the gas 
is supposed to be flowing freely through the bottles A and D. 
A pinch cock (not shown) on the rubber connection between 
the Y tube and the sample tube is opened and gas drawn in by 
lowering the pressure bottle, H» until the gas fills the tube and 
also the lower tube, Gp The cock is then closed and the pressure 
bottle lifted t so as to put the confined gas under a little pressure; 
but the lower tube* G, must contain gas enougii to prevent any 
water getting into the sample tube. The rubber connection with F 
is now pinched tight and the tube disconnected. It is then closed 
by inserting the glass rod into the rubber. The lower end is closed 
in the same way. The rubber tubes and stoppers on the Bampltng 
tube can be wired if necessary to keep them tight. As the gas is 
under a little pressure ^ any leakage during the disconnection will he 
out and not into the gas. 

The tube is now replaced by a second one and the apparatus is 
ready for drawing a new sample, 

Fig» 12 shows a convenient 

arrangement for drawing a single 
sample rapidly; as^for example, 
through an asbestos covered pipe 
such as was described. 

The bottle C contains a little 
mercury and serves as a trap. 
The bottles A and B contain 
brine. The gas delivery tube is 
connected with the tube F* B is 
filled with water by raising A, 
the air escaping through the 
mercury in C, Now A is lowered 
and the gas drawn in through F, 
the mercury preventing any re- 
turn through E. In this way the 
gas can be drawn and emptied 
till all air is expelled* and then 
the bottle B filled and the pinch 

^—^^-^—^-"^ cock D closed and the sanoLpler 

13.— Gas SaJBpUiig Apparatus for . 

Single Bample. removed. 
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If it is desired to draw a 
sample contlmiously for several 
hours, the apparatus shown in 
Pig. 13 can be used. It will 
draw a sample at a nearly fixed 
rate per minute for several 
hours. It ehould be filled with 
similar ga^ for iome days and 
then emptied before use, as a 
new metal gas holder affects 
the sample a little at first 

The gas is drawn into the 
tank, A| through the cock, G, 
by the escape of the water at 
the bottona through the tube, 
B, The rate of this escape is 
kept uniform by the floating 
siphon, E, in the connecting 
cylinder, C. The tube, B, is 
large, so that the level of the 
water in the tank and the cylin- 
der is the same, and the rate of 
flow from the latter is regulated 
by the constant head of the 
floating siphon carried by the 
Fig. la.— Oontlnuoua Gaa Sampler. A^at, D. 

In analyzing the flue gas on boiler tests, one sample should be 
taken every thirty minutes. This will give a fairly accurate aver- 
age for the period of ten hours usually covered by the test. Experi- 
ments made by Mr. F. Haas in the Department of Metallurgy, Ohio 
State University, showed practically no difference in the results 
obtained by averaging samples taken every thirty minutes and 
every fifteen minutes for ten hours, Samples taken in the contin- 
uous sampler above described always show less CO 3, but otherwise 
agree closely with the average of the half-hour samples covering 
the same ten hours, provided they are analyzed promptly. H the 
sample in the tank is allowed to stand for some time, the loss of 
COb, with a corresponding Increase of N and O, may be very marked. 
The following two analyses illustrate the comparison for a ten hour 
test. It shows the loss of CO^ 

Averas^Q of 

30-mt n Q be Eamplefl. Gaa f rofQ Tank. 

COj 11a 10.4 

O.-.-- . 8.0 8.25 

no..,. 0.43 0.30 

N ...80.47 81.06 
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cotton to filter out soot from the gas. From B the gas 
passes down into the bottle D, where it bubbles through 
about an inch of water and then goes through F to the 
aspirator. If the rate of aspiration is about 150 c.c, a 
minute, and the bottle B of 500 c,c< capacity, D will contain 
a sample of the gas representing the average of some 
minutes. D is connected with the analyzing apparatus as 
shown. In the apparatus P is the gas measuring tube. 
Q is the water jacket, S shows the glass stop cocks that 
connect the gas tube with the reagent tubes, I, H and G- 
These contain short lengths of glass tube to spread out the 
liquid and increase the active surface. 

If and M are bottles arranged as a water seal to keep the 
air from the reagents in the tubes ; they are connected with 
the rear bulbs of the tubes as shown. R is a three way cock 
that serves to empty the gas from the apparatus. O is the 
pressure bottle for manipulating the gas in the measuring 
tube* 

The apparatus should be protected from drafts of cold air, but 
as the analysis is completed ii> fifteen minutes the water jacket on 
the measuring tube will prevent any appreciable change in tempera- 
ture if ordinary care is used. All the stop-cocks should be well 
greased with vaseline. Two or three drops of Hj804 should be added 
to the water in the pressure bottle aa this prevents it from becoming 
slightly alkaline and absorbing 00^. 

The water in the pressure bottle must be saturated with the 
gas to be analyzed, so as to prevent its acting on the sample. This 
ie best done by running several analyses before the regular work 
begins. This will bring the water to a condition of saturation with 
the average gas and render it practically non-absorbing to the gas 
analyzed. Once in this condition the water can be used indefinitely. 
If new water is put in the saturation must be repeated. 

Preparation of the Reagents, — KOH Solution. Dissolve 
100 grams of the best quality potassium hydroxide in 300 
grams of water. Let the solution stand in a closed bottle 
till any oxide of iron settles^ and use only the dear solution. 
It is best to prepare a quantity of this and keep it some time 
before use. 
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Pyrogalltc Acid, Use only tbe white resublimed acid. 

Cuprous Chloride Solution, Dissolve 12 grams of pul- 
verized and recently ignited CuO in 125 ex. of concentrated 
HCl Next dissolve 40 grams of crystallized CtiS04, 5HaO 
in about 200 c.c. of water, adding a few drops of H2SO4. 
Cool this solution and add 12 grams of granular zinc (such 
as is used in the redactor ; see page 36). Add this carefully 
to avoid too violent effervescence. The copper precipitates 
as a brown powder. When all the zinc is dissolved, let the 
copper settle, decant off the liquid closely and wash by 
decaotation till free from zinc sulphate. If the zinc does 
not dissolve readily, add a little more H2SO4. Pour off the 
liquid as completely as possible from the precipitated copper 
and add the solution of CuO in HCL Stir it up thoroughly 
for some minutes, pour off the solution from any undissolved 
copper, and keep it in a bottle containing strips of metallic 
copper. The bottle must be well corked, and a little con- 
centrated HCl should be added from time to time. 

To fill the apparatus : Remove the old solution by first 
driving air over from the gas tube into the absorbing bulbs. 
This is done by raising the pressure bottle and forcing 
the liquid all into the rear bulbs. Then empty each 
by a small siphon first filled with water and inserted down 
to the bottom of the bulb. Now fill the first rear bulb, J, 
with the KOH solution. This serves to absorb CO3 and 
also SO2 and H2 S* It acts rapidly and completely and one 
filling will serve for from fifty to sixty gas analyses before 
its action begins to be too slow. 

Put a good sized funnel into the second rear bulb and 
weigh into it 16 grams of pyrogallie acid. Wash this down 
into the bulb with 150 c.c. of KOH solution of the same 
strength as was used in the first tube. If the apparatus will 
not hold this volume of solutioUj take less and reduce the 
pyro proportionately. 

The alkaline pyro absorbs oxygeBf forming an intenfiely colored 
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liquid. It acts rapidly at flrstt l>ut as it becomes saturated it works 
more elowly. One filling usually serves for about thirty analyses 
before its action becomes too slow. 

The relation of the pyro to the alkali is important. If too little 
KOH is used, the solution is liable to give off CO on absorbing O. 
With a solution prepared ae directed, no CO will be given off when 
the percentage of O is no larger than is found in flue gas or air; but 
if a gas is to be analyzed that contains high percentages (40 or 50 per 
cent.) of 0» it will give off CO. In this case it is necessary to use a 
nanch stronger KOH solution and less pyro. See Clowes. Jour. 
Soc. Chem. Ind, 1895. p. 1066. 

The third bulb is filled with the cuprous chloride solu- 
tion. When fully reduced, the CuCl solution is nearly 
colorless, but is usually dark brown from the presence of a 
little CuCIa. The glass tubes in this bulb contain spirals 
of copper wire, which keep the solution reduced. 

The copper is slowly dissolved by the GuGU formed. The solu- 
tion is liable to become oversaturated^ so that a granular precipitate 
of CuCl will separate. This will sometlmeB clog the tube so as to 
interfere with its action. It must be carefully cleaned out and the 
apparatus refilled. It is important that this solution be carefully 
kept from air, as it absorbs oxygen very rapidly, forming CuCla and 
using up the excess of HCl* If this solution is diluted with water, 
it deposits a heavy precipitate of CuCl, which is very sparingly 
soluble. 

The strong HCl in this solution gives ofl vapors which increase 
the volume of the gas. In accurate work these should be removed 
by running the gas over into the KOH solution and back before 
measuring its volume. The CuCl absorbs CO rather rapidly. Its 
capacity is not very large, but as the amount of CO in flue gas is 
small, one filling will serve for a large number of analyses. It 
should be changed as soon as its action becomes slow. As it 
absorbs oxygen as well as CO, it must never be used until the oxy- 
gen has first been removed from the gas. 

Making the Analysis. — Fill all the reagent bulbs to the 
mark on the capillary tubes by opening the proper stop- 
cocks and lowering the pressure bottle carefully till the 
liquid rises to the right point. Do this with one bulb at a 
time, and on no account try to set the level of the liquid by 
opening or closing the stopcocks. Bring it to the right 
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point by raising or lowering the pressure bottle, and then 
close the stopcock. Proceeding in this way, the fluid will 
never be drawn np into the stopcock. Should such an acci- 
dent happen, the stopcock must be immediately taken out, 
washed, and then relnbricated with vaseline. The alkaline 
liquid, if allowed to remain in the glass stopcock, would 
soon cause it to stick hopelessly. Now set the three way 
cock so that the opening to the side is connected with the 
measuring tube. Raise the pressure bottle till the liquid 
fills the tube to the mark on the capillary. Turn the cock 
so as to close this connection and open the one to the 
sample inlet tube, lower the bottle and draw in slowly 50 or 
60 ex* of gas. This should be enough to completely wash 
out air in the connecting tubes. Again reverse the stopcock, 
lift the bottle and run this gas, which is contaminated with 
that left in the connections and capiltarieSi out through the 
side tube. Now again reverse the stopcock and draw in 
the sample of gas for analysis, lowering the bottle until the 
gas fills the measuring tube to some distance below the ^ero 
mark. Close the cock and set the pressure bottle on a sup- 
port a little above the level of the zero point. Pinch the 
rubber tube near the bottom of the burette, open the cock 
to the side and carefully let the liquid run in by releasing 
the pressure of the fingers until it reads exactly zero on the 
tube. Now close the cock carefully, take down the bottle, 
and read the volume of the gas after equalizing the pressure 
by bringing the surface of the liquid in the bottle to the 
level of that in the tube. The reading should be exactly 
zero. If it is 0.1 or 0.2 ex. off, this can be corrected by 
raising or lowering the level of the water in the pressure 
bottle until the reading is zero, and making all subsequent 
readings in the analysis after giving the leveling bottle the 
same relative elevation. 

The measuring tube now contains 100 c.c. of gas. Open 
the stopcock into the potash bulbs and run the gas over by 
raising the pressure bottle. Be careful to so hold the bottle 
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that the liquid will rise only to the mark in the gas tuhe 
Now draw the gas back in the same way, run it over again and 
agaio back. Bring the potash solution carefully to the mark 
in its tube, close the stopcock, wait at least thirty seconds 
for the liquid to drain down the side, level as before and 
read the volume. Transfer a second time to the potash, 
draw it back and read the volume again. If it does not agree 
with the first reading, run it over a third time. With fresh 
potash solution, the second reading should always check the 
first* The decrease in volume is the CO^- Now proceed in 
the same way with the other tubes, using the pyrogallic acid 
first and then the cuprous chloride. With the pyro tube, 
the gas should be run over two or three times rapidly before 
taking a reading, so that the dark saturated solution form- 
ing on the walls of the bulb may not remain long in contact 
with the gas; as this might lead to the formation of CO. The 
liquid draining down the side of the bulb will show by its 
change of color when it is absorbing oxygen. As soon as 
the oxygen is all absorbed, the liquid on the sides of the bulb 
will not turn brown as the gas reaches it. Always get two 
readings that agree before proceeding to the next tube. 
The corresponding decreases in volume give the oxygen and 
the CO. The residual gas is estimated as N. It will contain 
any H and CH4 present in the original gas, but these are 
rarely present in chimney gases in measurable amounts. 
When the analysis is finished, run out the residual nitrogen, 
leaving the measuring tube full of water. Now everything 
is ready for the next test* 

Extreme care should be taken to avoid getting any of the ab- 
sorption solQtionQ into the connection or measuring^ tubes. Should 
this happen T they must be washed out and the water In the preBsure 
bottle changed before starting a new analysiB^ as gas might be 
absorbed in fllliog the apparatus. The Orsat's apparatus may be 
used for the determination of CO a and CO in the gas from the iron 
blast furnace. In this case the residual gas invariably contains 
hydrogen and methane and should be kept for further analysis. 
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THB ANALYSIS OP PUBL GAS AND ILLUMINATING GAS. 

These gases contain CO, H, CH4 (mettiane), nnsatarated hydro- 
carbons principally €,£[4 (groaped together as the " illaminantB,)" N, 
O, CO,, and traces of H,S. The iilaminants are the constituents that 
give the illuminating power to the gas. The gas uiiually contains 
in addition a certain amount of benzine and other hydrocarbon 
vapors and traces of C8,. In producer gas the principad components 
are N, CO and H; in water gas, CO and H; in illuminating gas, H 
and CH4 ; while natural gas consists almost entirely of CH4. The gas 
sample is usually brought to the laboratory in tubes or bottles such 
as have been already described. As the percentage of CO, is small, 
the gas can be kept for a short time over water, unless hydrocarbon 
vapors are present. These would be rapidly washed out in contact 
with water. Gas containing them must be collected in dry tubes 
and kept warm till analyzed, or better taken directly into the 
apparatus from the gas main. 

As the analysis of these complex mixtures requires consider- 
ably more time than the work in the Orsat's, it is not safe to regard 
the temperature as constant during the analysis. A thermometer 
must be placed in the water jacket surrounding the measuring tube 
and read every time the gas is measured. 

The variations in temperature during the course of the analysis 
can then be allowed for by correcting the corresponding readings so 
as to bring them to what they would have been had the temperature 
remained the same as that at which the original volume was 
meaHured. This can be done by the following formula: 



V = V^ — V^ 0>70^f/ 



273 H-t^ 



in which V is the volume at the temperature t, and V'' the volume at 
the temperature t\ Variations in the barometer need not be con- 
sidered, as they are rarely important during the time taken for the 
analysis. 

DESCRIPTION OF THE ELLIOTT APPARATUS AND THE PRO- 
CESS OF ANALYSIS. 

The Elliott apparatus, as shown in Pig. 15, is used in 
the processes which follow. It is convenient and sufficiently 
accurate for most technical work. It consists of a gas burette, 
A, surrounded by a large glass tube, B, filled with water in 
which a thermometer, C, is immersed. The burette is 
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15.— Elliott ApparBLtUB for the 
Analyflls of GaBea« 



graduated to tenths of a cubic 
centimeter and holds 100 c*c* 
from the zero mark to a point 
marked on the capillary tube 
at the top. This capillary is 
provided with a stopcockj Dj 
and connects at N with the 
absorption tube, E. The joint 
at N must be easily detachable. 
It is made by slipping a piece 
of thick soft rubber tubing over 
the two capillary tubes which 
meet at this point. The ab- 
sorption tube, E, is not gradu- 
ated and is slightly larger than 
A. The two-way capillary tube 
at the top serves to connect it 
with A and also through the 
glass stopcock, F, with the air. 
The top of this tube is conical 
and ground into the detachable 
cup, G, which holds the re- 
agents which are to be applied 
to the gas. The cup can be 
lifted oflF and a rubber tube 
slipped over the end of the 
capillary for drawing in the gas 
sample. The bottom of the gas 
burette, A, is connected with a 
pressure bottle, J, by means of 
a rubber tube and the glass 
stopcock, K, the tube of which 
passes through a rubber stop- 
per in the bottom of A. This 
stopper should be carefully 
wired to the tube so as 
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not to slip out. The bottom of E is connected with a similar 
pressure bottle, Lj and also a drain tube, I, for emptying the 
tube. These tubes are closed by the pinchcocks, H and 1. 

See Chemical NewB, voL XLVIII* p. 189| and School of Mines 
Quarterly, Nov., 188h 

In makiug gas analyses with apparatus in which water is the 
contain iog Huid, the terror from absorption of the gas by the water 
will be greatly dimmiyhed if care is taken to have the water used 
saturated with the gas to be treated, as was mentioned in connection 
with the Orsat's. On this account the water in the pressure bottle, 
J, and that used in the gaa pipettes and receivers described later 
should not be chauged except when necessary, and when changed 
the new flliiug should be saturated by running similar gas over and 
back a number of times before beginning the analysis. 

Manipulating the Apparatus^ — The measuring tube should 
be thoToughly clean and the apparatus set up as shown. It 
is convenient to have it permanently placed in a situation 
where the temperature is reasonably constant. The bottles 
L and J are filled with distilled water to which a drop of 
H2SO4 is added. Fill the burette, A, by opening K, D and 
F and raising the bottle J ; then close D and fill E clear to 
the cup, Gj by opening H and raising L ; then close the 
stopcock F. Now fill the drain tube with water by opening 
I and letting water run through from the pressure bottle, F^ 
until all air bubbles are driven out. If any air is left in the 
drain tube it may work up into the gas. 

Taking the Gas Sample, — Remove the cup, G, attach the 
rubber tube, bringing the gas to the end of the capil- 
lary tube above F. Be careful to run some gas througb the 
rubber tube first to drive all airont* Now, the bottle L being 
lowered, open F until 30 or 40 c.c. of gas have run into E. 
This serves to wash the air out of the connections. Close H 
and open D and F, lowering J until the burette is filled 
to below the zero point. Now close D and F and remove 
the gas tube. Now raise the bottle J until the liquid reads 
zero in the burette (due to the extra pressure) and close K. 
Now raise L above the liquid in K. Open H momentarily 
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(to cause a surplus of pressure in D and prevent suction af 
aix). After closing H, open first F and then Dj allowing 
the excess of gas to escape, and immediately close them 
again. This leaves 100 c.c, of gas in A under atmospheric 
pressure. Test the reading by opening K and leveling the 
water in the bottle and the burette- It should read zero* 
If below zero, repeat the process ; if above zero, the analysis 
can be made on the volume present or a new sample can be 
drawn in order to avoid calculations. 

Now replace the cup and fill the tube, E, to the end of 
the capillary by raising I^ ; then close F. Run the gas over 
into the absorption tube, E, by opening D, K, and H, raising 
J and lowering L. Do not let the capillary tubes fill with 
the liquid ; merely bring it up into them. Now close D. 

The absorbing reagents are applied to the gas by pour- 
ing them into the cup, G, carefully opening F and letting 
the liquid run down the capillary and then down the sides 
of the tube E iu a thin sheet. The absorbents are used in 
the following order: First, Absointe AkohoL This absorbs 
hydrocarbon vapors. Only a small quantity must be used, 
as it absorbs the permanent gases to a certain extent. The 
alcohol vapor must be washed out of the gas after the appli- 
cation of the reagent, or its tension will cause error, Second, 
Potassium Hydrate for CO 2, H^S, and SO 2* Third, Bromine 
Water for **illuminants.'' The bromine vapors left in the 
gas must be absorbed by KOH before measuring the gas. 
Fourth, Alkaline Pyrogallate for oxygen. The solution is the 
same as that used in the Orsats, It should be prepared 
shortly before use and kept in a well stoppered bottle* 
Fifth, Cuprous Chloride for CO. This is prepared and kept 
as previously directed. 

The required amount of the reagent is poured into the 
cup, the bottle, L» being set a little lower than the level of 
the liquid in the tube, so that the gas may be under slightly 
less than atmospheric pressure. This will prevent any 
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escape of the gas through the capillary when the stopcock is 
opened to admit the reagent. See that the pinchcock, H, is 
open and I closed. Now cautiously open F, allowing the 
reagent to run in slowly and spread out in a thin sheet on 
the walls of the tube. When the reagent has nearly all run 
in, but before any air enters the capillary, close the stopcock, 
F. Now pour a little water into the cup and run it in in the 
same way, closing the pinchcock, G, and opening I carefully 
to let the excess of liquid, escape. This washing may be 
repeated if necessary. Now, I and F being closed and H 
open, raise L, open D, and run the gas back into A for 
measurement. Close B, being careful that none of the 
liquid in E runs into the capillary, but stops just below the 
cross tube. The tube E is now full of liquid mixed with an 
excess of the reagent. Empty it as follows : Close H and 
open I and F and let everything run out through the drain 
tube into a slop jar. Wash the tube by pouring water into 
C and letting it riin out through I. Now close I and refill 
the bottle, L, open H and fill the tube, E, as in the begin- 
ning. After re-transferring the gas to E the apparatus is 
ready for the next reagent. 

Do not read the volume of the gas in the burette for at least 
two minutes after transferring. In reading, carefully level the 
liquid in the tube and in the pressure bottle. Let the tube drain 
two minutes longer after the first reading and read again. If the 
readings do not agree, read a third time. Immediately after taking 
the reading of the gas volume, read and record the thermometer in 
the water jacket. 

Special Notes on Each Determination. 

First, Eydrocarbona, Use 8 c.c. only of alcohol, As it is im- 
portant that the alcohol be free from water, the cup and the end of 
the capillary must be wiped dry before putting it in. 

After putting the reagent into the cup do not allow time for the 
water in the capillary above F to diffuse into it but immediately 
open the cock and let enough run into the tube to drive the water 
before it. This first addition of alchol will drive the water down the 
sides of the tube E and leave them almost perfectly dry so that when 
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the rest is allowed to run in it will act without any appreciable dilu- 
tion with water. After the alcohol has been run in, carry out the rest 
of the proceBS rapidly so that the liquid liydroearbone which tend 
to aeparate when the alcohol mixes with the water at the bottom may 
not have time to go back into the gaa* After adding the alcohol wash 
once with 6 c.c. of water, run over into the burette, empty and clean 
the tube, E, Now refill the tube^ E, with fresh water, run the gaa 
back, and wash it again with 5 c.c of water. This takes out the 
alcohol vapor with a minimum amount of wash water,— a point of 
importance if the gas contains COj- Second^ €0^, Use 3 to 4 e.o. of 
KOH solutioni Wash with 5 to 10 c^c, of water and transfer, 
Retransference is not necessary, as one washing is sufflcieut. Thirds 
lUuminants, Use 3 to 4 cc. of saturated bromine water, letting it act 
for several minutes; then wasli down with 5 c.c. of water, and then 
with 2 to S c.c. of KOH solution to remove the bromine fumes. Then 
wash with o c.c. more of water, transfer and measure. I^ourth^ Osc^' 
gen. Use 5 c.c. of pyro solution. Let it run in very slowly. Wash 
with 5 c.c. of water, transfer and measure. If more than S per cent, 
of oxygen is present, repeat the treatment with pyro, as one treat- 
ment may not remove It entirely. I^fth^ Carbon Monoxide. Use 5 
c*c. of CuCl solution and wash with 6 o.c. dilute HCl and then with 
5 c.c. of water. After washing, run in 2 c.c, of KOH solution 
to absorb HCl vapors, and wash again. Transfer and read the 
volume. Now, after cleaning out the absorption tnhe» test the gas 
again with the CuCl. If it shows a further absorption of more than 
0.2 of a C.C.J give it a third treatment. The determination of CO is 
not very satisfactory unless the gas is treated repeatedly with the 
reagent. After the CO determination there will be a considerable 
precipitate of CuCl in the absorption tube. This must be 
washed out first with dilute HCl and then with water. 



THE DETERMINATION OF HYDROGEN AND METHANE BY 
COMBUSTION. 

The gas remaining un absorbed consists of methane, hydrogen, 
and nitrogen. Its analysis depends on the following properties: 
First, when a mixture of hydrogen and methane with a considerable 
excess of air is passed over finely divided palladium at a tempera- 
ture of 80° to lOU*^ C, the hydrogen is completely oxidized to HaO. 
The methane is not affected unless the temperature is very consider- 
ably higher. If any CO should be present in the mixture, it is oxi- 
dized to C0^» As two volumes of hydrogen unite with one voiunie 
6t oxygen to form tvater which condenses^ the hydrogen in the gas 
is equal to two-thirds of the contraction in volume following this 
combustion. Second, when a mixture of methane and hydrogen is 
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burned at a high temperature with an excess of oxygen, the product 
is CO2 and water. The volume relations are as follows: One 
volume of CH4 plus two volumes O produces one volume CO, and two 
volumes HjO vapor which condenses. One volume H plus 0.6 O 
produces one volume H,0 vapor which condenses. Hence, if pure 
CH4 is burned with oxygen, one-half the contraction is CH4 ; and if 
the CO2 produced is absorbed by KOH, the further contraction will 
equal the CH4, or one-third of the total contraction is CH4. 

When a mixture containing a known amount of H and an un- 
known amount of CH4 and N is burned, the amount of methane is 
found by subtracting f of the hydrogen from the contraction and 
dividing the remainder by 2. If the CO, is absorbed and then the 
total contraction measured, the CH4 is equal to this minus f of the 
hydrogen and divided by 8. 

Process for Hydrogen, — Preparation of the Palladium As- 
bestos Tube. — See Winkler's 
Technical Gas Analysis, p.77. 
A weighed amount (0. 2 to 0.5 
gram) of metallic palladium is 
dissolved in aqua regia, an 
excess of HCl added, and the 
solution evaporated to dry- 
ness on a water bath. The 
PdClg is then dissolved in a 
very little water, an excess of 
a cold saturated solution of 
sodium formate added, and 
enough Nag CO 3 to make the 
liquid strongly alkaline. Now 
absorb the liquid in very soft, 
long fibered asbestos, using 
the same weight of asbestos 
as of the metal taken. Dry the 
whole at a gentle heat, and 
when thoroughly dry wash the 
black mass very carefully with 
warm water till all the soluble 

Fig. 16.--Panadlrim Tube as connected - j a • j 

for the Determination of Hydrogen, salts are removed. Again dry 
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thoroughly. The soft black material contains 50 per cent, 
of finely divided palladium, and when dry will cause H 
and O to combine at ordinary temperatures. To prepare 
the combustion tube, take a straight piece of capillary tub- 
ing of about 1 mm. bore and 5 mm. thickness. Draw out 
some of the prepared asbestos into a narrow strand, moisten 
it and carefully roll it with the fingers into a small thread 
about two inches long, which will go into the tube. Hold 
the latter vertically and carefully slide the little thread 
into it. Now by putting a drop of water into the tube 
the thread of asbestos can be shaken down to the middle; 
the water must now be carefully dried out by gentle 
heating. Do not boil it or it will tear the asbestos to 
pieces. The ends of the tube are then heated and bent so 
that it can be connected between the gas burette and 
absorption tube, as shown in Fig, 16. In the cut, Q is the 
thread of palladium asbestos ; N and n, the connections with 
the gas burette, A, and the absorption tube, E. 

T/ie DekrfHinaiwn of ike Hydrogen in tlie Residual Gas. 
As the gas has to be mixed with a large volume of air in 
order to burn the H, not more than 25 c.c* can be used ; the 
remainder must be removed from the burette. It can be 
kept for the determination of the methane. 

The extra gas is taken out into a gas holder or pipette 
like the sampling tube shown in Fig, 11, only smaller. It 
has a pressure bottle attached at the bottom and a stopcock 
in the capillary tube at the top. This tube should be bent 
at right angles. In place of the stopcock a rubber tube and 
pinch cock can be used- 

To draw off the gas, fill the pipette to the top of the tube 
with water by lifting the pressure bottle, and then close the 
cock. Detach the absorption tube in the Elliott apparatus 
at the joint in the capillary, N (Fig. 15), from the burette con* 
taining the residual gas, the cock D, being closed. Now 
attach the gas pipette by a rubber connection in the same 
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way that the tube E was joined, taking care to include no 
air, but filling the rubber connection with water before in- 
serting the tubes. By opening the cock, D, and lowering 
the pressure bottle of the pipette the gas can be drawn over. 
Draw oflF in this way a little less than three-fourths of 
the residual gas. Now close the cock, D, and the cock of 
the gas pipette and disconnect the two. Keep the gas in 
the pipette for the determination of the methane. 

Now bring the volume of the gas in the burette to 
exactly one-fourth of that of the original residue by the same 
method as was used in taking the original sample. This 
takes little time and saves trouble in the subsequent calcu- 
lations. Now lower the pressure bottle, L (Fig. 15), and 
draw enough air into the burette to insure an excess after 
burning all the hydrogen. Three times the volume of 
the gas is usually sufficient. 

Read the volume of the air plus gas in the burette, and 
then connect up the apparatus with the palladium tube, as 
shown in Fig. 16. Warm gently the portion of the tube con- 
taining the palladium to a temperature not exceeding 100** 
C, with a small alcohol lamp, and slowly run the mixture of 
gas and air over the palladium into the absorption tube, and 
then back again into the burette, keeping the palladium 
asbestos warm all of the time. The rate of flow must not 
exceed 15 to 20 c.c. per minute. After the combustion 
allow several minutes for the gas to cool, and then measure 
the volume. Now run it over the heated asbestos again,. and 
again read the volume. If the two readings differ by more 
than 0.5 c.c, run it over again. 

The difference between the volume of the gas plus air 
and the volume after combustion is the contraction due to 
the combustion of hydrogen. Two-thirds of this contraction 
equals the volume of the hydrogen, and as one-fourth of the 
residual gas was taken for the test, four times this value will 
give the H in the original gas. 
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After the eombuBtion, remove the palladium tube, connect up 
the burette and the abiorption tube in the ordinary manner, and test 
the gas for CO^. If any is founds it indicates either that some CH^ 
was barned, in whicii case the palladium tube was heated far too 
hot, or that there was CO in the residual ^as which had escaped 
absorption by the cuprous efaloride and was burned by the palla- 
dium. If more than 0.4 e.c» of COa is fonnd^ the determiuation 
should be duplicated on a second portion of the residual gas in the 
pipette, taking more care in heatings the palladium. If the COj. is 
still found, it may be assumed that it is due to the presence of CO. 
The error in the hydrogen will be one-third of the volume of the CO 
present in the gas, and hence may be neglected if the amount of the 
COj is less than that stated. 

There is practically no danger of explosion when H is burned 
with air by palladium in the manner described. If oxygen gas is 
used the danger is considerable, and in this case the apparatus must 
be surrounded by wire gauz^e and glass as described for the methane 
burner. It is well always to protect the eyes in some way when 
making the gas analyses by combustion , even when air only is used. 

T^£ Deiefminatiou of the Methane, — There is needed for 
this determination : first, oxygen free from all impurities 
except nitrogen; second, an electric current of sufficient 
power to heat a spiral of fine platinum wire to a bright red 
heat, and so controlled by a rheostat that it can be increased 
or diminished as needed ; third, the special ** Methane 
Burner'* shown as connected np for use in Fig. 17, S is a 
glass bulb of about 150 c.c. capacity connected with the 
pressure bottle, L, by means of the side tube, U, and having 
at the top a capillary tube and stopcock, R, for connecting it 
with the measuring tube of the Elliott T is a spiral of fine 
platinum wire, which can be heated by the current brought 
in through the wires, Wj passing through the rubber stop- 
per, V. 

As there is always some risk of explosion, the burner 
must be surrounded by a cylinder of wire gauze and one of 
glass, as is shown in the cut, to protect the operator. 

During the combustion the current must be reduced, or 
the added heat of the burning gas will make the wire so hot 
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Fig. 17.— Apparatus for the Determination of Methane. 

that it may fuse or crack the glass. The glass is also liable 
to be cracked if the wire is placed too near it. 

Process. — Transfer to the measuring tube of the Elliott 
apparatus another quarter of the residual gas in the pipette 
and measure it accurately. Now fill the methane burner 
with water to the end of the capillary, attach it to the 
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Elliott burette, mn the measured gas into it^ close the stop- 
cock, R, and detach it from the burette. Now draw into 
the measuring tube of the Elliott, 60 to 70c.c. of oxygen. 
Lret it stand until it attains the temperature of the water 
jacket and read the volume very carefully. Now connect 
the burner containing the gas with the burette containing 
the oxygen J in the manner shown in the figure. Heat the 
platinum spiral to a yellow red heat by turning on the elec- 
tric current. Now gradually run the oxygen from the 
measuring tube into the methane in S ; the rate must not 
exceed 15 to 20 c.e. per minute. Keep the spiral at a steady 
red heat by regulating the electric current. The gas will 
burn quietly and without any explosion if the operation is 
carefully conducted. When the gas has all been run in^ cut 
off the current, allow the apparatus to cool, and rua the gas 
back into the measuring tube of the Elliott. Let it stand 
till it attains the temperature of the water jacket and read 
the volume carefully. The difference between this volume 
and the sum of the oxygen and gas taken is the contraction 
due to the combustion of the methane, hydrogen, and any 
carbon monoxide present. From this the volume of the 
methane can be calculated as already indicated. The Elliott 
is then connected up as usual and the gas treated with KOH 
for the absorption of the CO 2- This gives a further con- 
traction, which should equal the methane j but, owing to the 
absorption of CO^ by the water, is usually too low. 
The correct percentage is finally obtained by adding the 
first contraction to the second, deducting the contraction 
due to the hydrogen present and then dividing the remainder 
by 3. This gives the volume of methane in the gas treated; 
and as this represents one-quarter of the original sample, the 
result must be multiplied by 4 to give the methane in the 
volume of gas taken for analysis. 

The temperature must be carefully read every time the Tolume 
of the gaB is measured and corrections made, as already explained. 
Do not fail to give time for the temperature of the gas and the water 
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jacket to become equal, as well as for the measarInK tabe to drain. 
Allow two or three minutes at least for this purpose. 

The above processes are sufficiently accurate for most technical 
work. Where special accuracy is required, the analysis must be 
made over mercury instead of over water. 

The nitrogen in the f^B^ is estimated by difference, subtracting 
the sum of the volumes of the gases determined from that origin- 
ally taken. For other forms of apparatus, as well as for the 
manner of working with mercury, see Smith and Powers, Jour. 
Soc. Chem. Ind., 1897, p. 400; Dennis and Hopkins, Jour. Am. 
Chem. Soc, 1899, p. 898. 



THE ANALYSIS OF BLAST FURNACE SLAGS, 

The slags made in the iron blast furnace are essentially silicates 
of lime, magnesia and alumina. They usually contain, however, 
small percentages of iron<, mangaDese, and sulphur. Phosphorus is 
rarely present in more than traces. Titanium and other rarer ele- 
ments, if present in the orCi will be found in the slag. Slags that 
are high in alumina and magnesia, will sometimes contain small 
crystals of spinel, (MgOAljOa), As this substance is neither attacked 
by HCl, decomposed by fusion with NagCOj, nor dissolved by HF1» 
it will be found in the silica obtained in the analysis. Spinel can be 
decomposed by prolonged treatment with hot HaSO^ diluted with 
its own volume of water. 

Most furnace slags can be decomposed by treatment with HCl, 
especially if they have been suddenly cooled from the molten state. 
Slags that are not decomposed by HCl must be fused with NaaCOj. 

Slags frequently contain metallic iron in small grains^ this 
should be taken out of the crushed sample by a magnet. If the slag 
itself is magnetic the metal grains can be picked out under a mag- 
nifying glass with pincers. The sample must finally be ground in 
an agate mortar to an Impalpable powder. 

For the purpose of furnace control it is usually sufflcJenfc to know 
the percentages of silica^ alumina, lime and magnesia in a slag. 
These can be determined with sufficient accuracy by the following 
process* 

Thi Ditirndnaiion of ike CaO and the MgO, — Weigh one 
gram of the sample into a casserole, add 30 c. c. of water 
and stir the slag up into it to prevent caking and the separ- 
ation of gelatinous silica on the addition of acid. Now add 
20 c. c. of HCl and heat. Everything should dissolve ex- 
cept a few flakes of SiOa and possibly a little C or S- There 
should be no gritty residue. Cover the casserolcj and boil the 
solution to dryness to separate most of the silica. 

Now add 10 c, c. of HCl, a few drops of HNO^i and 
then 50 c. c. of water. Boil to dissolve thej;bases and then 
transfer the contents of the casserole, without filtering, to a 

Dilute the liquid to about 300 c.c* 

SOI 



SOO c.c. graduated flask. 
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and add NH4OH until the alumina separates, but avoid a 
large excess. If the sample contains more than a few tenths 
percent, of manganese add 2 or 3 c.c, of ammonium sulphide 
to precepitate it with the alumina. Heat the contents of 
the flask to boiling and boil tor 3 minutes* Cool the liquid 
and dilute it to the mark with water free from CO2* Mix 
the contents of the flask thoroughly and then filter oflF 250 
c.c. through a dry filter. 

Determine the lime and magnesia in this volumetrically 
as in a limestone. If ammonium sulphide was used, add HCl 
to the filtered solution, till it is neutral and then about 5 
c.c* in excess* Boil till the H^S is expelled then add 0.5 
gram of KClOa and heat till the separated sulphur is dis- 
solved. Now add NH4OH in excess and proceed with the 
determination of the lime as before. Should a trace of 
MnOa separate on adding the ammonium hydroxide, continue 
the heating till it dissolves and the solution is nearly color- 
less, before precipitating the lime. 

Tke Determinaiion of ifie SiO^ and the Al^ 0^. — Weigh 0<5 
gram of the sample into a casserole, treat it with water and 
HCI and evaporate to dryness as before, in this case how- 
ever the dry residue must be heated till all HCl is expelled, 
avoiding a temperature of over 120°. 

Take up the residue in water and HCl filter off and 
weigh the silica. It is well to evaporate the solution to dryness 
a seconditime before filtering off the silica, as this makes the 
filtration more rapid. 

The residue is usually taken as silica but it is liable to 
contain traces ofFeaOg, TiOj^ and spinel. It may be tested 
withl^HFl and any fixed residue deducted, (See p* 70). If 
this is done the silica should be separated by a double 
evaporation as it is not all precipitated by a single one. 
Ordinarily the impurities present will about balance the 
silica lost and so the gross weight is nearly correct. 
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The Alumina is now determined in the filtrate from tlie 
silica. 

In the absence of much manganeBe this can be done by precipi- 
tation with I^H^OH as in the analysis of a liraestonei taking care 
to have plenty of NH^Cl present and to redlssolve the first precipi- 
tate which is likely to contain a little lime. The precipitate 
should be washed by decantation until free from chlorides and then 
transferred to the Alter. The precipitate contains any iron, phos- 
phoric acid and titanic acid in the slag, but as these are rarely pres- 
ent in noticeable quantities they may be neglected. 

If the alag contains much manganese the alumina must be sep- 
arated from it by a basic acetate precipitation as described on p. 7S, 
The precipitate is then redissolved in HCl and the alumina, now 
free from mauganese, precipitated with NH^OH. 

Determination of the Abmiina as Pfwsphate, This method 
gives good results on iron ores as well as slags and is quite 
rapid. It is similar to that used in determining the alumi* 
num in steeL 

Dilute the filtrate from the silica in a 300 c.c. beaker 
to about 200 c.c. To the cold solution add about 16 ex. of 
a saturated solution of sodium phosphate and then NH^OH 
cautiously and with constant stirring until a slight perma- 
nent precipitate forms. Now add 5 drops of HCl which 
should dissolve the precipitate and leave a clear solution. 
Now add with constant stirring 20 c.c. of a saturated solution 
of sodium thiosulphate. If much iron is present as in the 
case of an ore, the solution will turn nearly black but on 
continuing the stirring will grow lighter as the iron is 
reduced and finally a white precipitate of AIPO4 will be thrown 
down mixed with a large quantity of S. Cover the beaker and 
heat the solution till it boils. When boiling' add 20 c,c. of a 
solution consisting of 100 grams of sodium acetate, 200 c.c. 
of acetic acid, sp. gr. 1.04, and water to make 500 c, c. Boil the 
solution 10 minutes longer or till the precipitate coagulates. 

Let settle and filter, washing the precipitate 10 times 
with hot water. Put the wet filter into a crucible^ ignite at 
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a low heat to burn off the paper and sulphur and then ignite 
over the blast lamp. 

The residue is AIPO4 and contains 0.418 AlaOg. 

J. M. Camp, Iron Age 65, 17. 

When this method is applied to ores the first precipitate is like- 
ly to contain a little iron. This can be removed by dissolving and 
reprecipitating it in the same way. 

Sulphur and iron can be determined in slags as in iron ores. 

The sulphur in slags is present almost wholly as calcium sulphide. 
It can be determined approximately by adding 150 c.c. of water to 0.5 
gram of the very finely pulverized slag and titrating with the stand- 
ard iodine solution used for sulphur in iron. 

Stir the mixture of slag and water and, add 8 or 4 c.c. of starch 
solution, then run in the iodine till the blue color develops. Now 
add 15 c.c. of concentrated HCl, stir and add the iodine again until the 
color no longer disappears. 

If 1 c.c. of the iodine equals .0005 S, each c.c. taken will be equival- 
ent to 0.1% sulphur in the slag. 

Jour. An. and App. Chem., vol. VII. No. 6. 

It is probably more accurate to evolve the H2S in a fiask as for 
pig iron. Put 5 grams of granular zinc into the fiask, then add 0.25 to 
0.5 gram of the very finely ground slag. The hydrogen from the Zn 
carries over the H2S from the slag. This is absorbed by an ammonia- 
cal cadmium solution and titrated as usual. See Camp. ^ ^Methods of 
Analysis in the Laboratories around Pittsburg'', 2nd Ed. p. 147. 

Manganese in slag can be determined as in iron ores. Small 
percentages are best estimated by the color method. 



THE ANALYSIS OF FIRE CLAYS, 



Determmatian of SiO^ , Al^ O^ , Fe^ O^^CaO andMgO. — 
Mix 1 gram of the clay with 8 grams of dry Na^COg. The 
purity of this reagent should be tested by running a blank 
upon it. Put the mixture in a platinum crucible, and heat 
over a Bunsen burner until the mass is sintered together 
and caked. Now heat with a blast lamp until the mass fuses. 
Keep some minutes in quiet fusion. Cool suddenly by dipping 
the bottom of the crucible into water (this will usually cause 
the cake of material to come loose so that it can be easily 
detached from the crucible). Now put the cake, with the 
crucible, into a dish or casserole with water enough to cover 
the whole, and wash the cover of the crucible free from all 
attached particles. When the mass is disintegrated, remove 
the crucible, cleaning it if necessar>^ with a little HCl, which 
is then to be added to the body of the liquid. Now add an 
excess of HCl to the contents of the dish, which must be 
kept carefully covered to avoid loss by "spurting.'' Warm 
until everything is dissolved and effervescence has ceased. 
Wash oflFthe cover and evaporate the liquid to dryness on a 
water bath, stirring occasionally to break up the gelatinous 
silica. When all odor of HCl is gone, add a little water and 
again evaporate to dryness. Now add 30 c.c. of dilute HCl 
(1 : 1) digest at a gentle heat, and then dilute to 1 50 or 200 c.c. 
Filter off, wash thoroughly, ignite and weigh the SiO^, 
repeat the ignition until the weight is constant. The purity 
of the silica must be tested by volatilizing with HFl, 

The filtrate should be diluted to 300 ex., warmed and pre- 
cipitated by a slight excess of NH4OH. Heat to boiling for 
not to exceed five minutes and let stand until the precipitate 
has settled leaving a perfectly clear liquid. Prolonged boiling 
makes the precipitate slimy and slow settling* 

Decant oflFthe liquid as closely as possible without dis- 
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turbing the precipitate (the use of a siphon for this purpose 
is often advantageous). Add about 250 c.c. of hot water and 
let the precipitate settle again. Decant this in the same way. 
Repeat this until the liquid decanted off no longer reacts for 
HCl with AgNOa- 

Should the liquid settle badly as the washing proceeds, 
add 2 or 3 drops of NH4OH, which will cause it to clear 
promptly. 

Finally transfer the precipitate of Al20g+Pe208(+Ti02 
+ traces of Si02) to a filter (do not wash on the filter) and dry. 
Transfer the precipitate to a crucible, carefully burn the 
paper separately, add the ash to the crucible, ignite strongly 
and weigh. After weighing, brush the AljOg. etc., out into a 
small beaker, cover it with a mixture of strong H2SO4 8 vols, 
water 3 vols, and digest on a hot plate for some time. All 
will dissolve but a slight residue of Si02. Dilute the liquid, 
filter off and weigh this residue and deduct it from the 
weight of the precipitate first obtained. In the liquid deter- 
mine the iron volumetrically, as in iron ores. Calculate it as 
PcaOa and deduct this from the Al208+Fe203 and the re- 
mainder will be AlsOg* 

Collect all the washings from the AI2O8 except the first, 
separate from the first liquid decanted off, boil them down 
rapidly in a large porcelain dish to a small bulk and transfer 
them to a beaker. Now add a few drops of NH4OH and 
filter from any trace of Al20g separating, using a small ashless 
filter. Add this filtrate to the first portion which was not 
boiled down, and the precipitate to the main portion of the 
A1208- Now concentrate the total filtrate from the APOg 
to about 200 c.c. on a water bath and determine the CaO 
and MgO exactly as in the analysis of a limestone. 

Determination of the Alkalies by /. Lawrence Smithes 
Method. 

When silicates containing K^O and NaaO are heated with a 
mixture of CaCO, and NH4CI, CaCl, is first formed by double decom- 



position, and this then acts on the silicates forming alkaline chlo- 
rides and lime silicateB. A red heat is neceesary. 

There is needed, flrat pure CaCOgi free from KjO and NatO, 
This can be prepared by dissolving marble in HCl, to saturation, 
adding a little slaked iime to make the liquid alkaline and precipitate 
FejOfl, AljOa and PsO^, then diluting and heating the liquid and 
precipitating the CaCO« by (NH^jjCOg* This is washed till free 
from HCl and dried. Second, pure NH4CI. This must be powdered 
and must yolatilize without residue at a low red heat. 
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Process, Mix one gram of clay with one gram of NH4CL 
Grind them together in a small porcelain mortar. Add 
eight g^rams of CaCO^ and mix thoroughly with the clay and 
NH4CL Put a little pure CaCOg ou the bottom of a large 
(30 to 50 c»c.) platinum crucible and then add the mixture. 
Clean out the mortar by grinding a little more CaCOg in it 
and add this on top of the mixture as a cover. 

Now cover the crucible and heat carefully, gently at first, 
but gradually to full redness for an hour. Cool and transfer 
the sintered mass to a casserole. Wash the crucible and 
cover with hot water and add the washings* Digest the 
whole until the mass slakes down to a fine powder. Now 
filter and wash with hot water until the filtrate amounts 
to 250 c.c. 

I ThiB amount of waahiD^ will take out all the alkali though the 
filtrate will Btill react for chlorioe, due to the fact that the CaO 
retains slowly soluble oxy chlorides which it is ira possible to wash 
out completely, and which will cause the filtrate to react for chlorine 
inde finitely. 

To the filtrate add NH4OH and (NH4)2 CO 3 in excess. 
The calcium separates as carbonate, which ou warming be- 
comes granular and easily filtered. Filter and wash with 
water containing a very little NH4OH. 

Concentrate the filtrate to a small volume, then transfer it 
to a small porcelain or platinum dish and finally evaporate it 
to dryness. Now ignite it carefully at a heat not exceeding a 
barely visible red, until all NH4CI is expelled and no more 
fumes form. Cool, add a little water and a few drops of (NH4)2 
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COsf and filter from any residue. Add two or three drops of 
HCl to the filtrate and a^^n evaporate to dryness in a 
weighed dish. Dry, ignite carefully as before and weigh as 
KCl + NaCl. The chlorides must be wUu and dissolve 
without residue in water. 

To the water solution add an excess of platinic chloride, 
and evaporate carefully nearly to dryness. Add 20 c.c. of 
alcohol (80 per cent.) and let stand till the Na salts dissolve. 
Filter on to a weighed filter. Wash the K,PtCle with 80 
per cent alcohol. Dry and weigh. Calculate the K2O 
from the weight of this and the Na^O from the remainder, 
after deducting the KCl calculated from the K^Of from the 
mixed chlorides. 

The strength of the alcohol is important. The K,PtCle is prac- 
tically insoluhle in 80 per cent alcohol, but the NaaPtCle will dis- 
solve in it. Time mast be given to secure complete solution of this 
latter salt 

TUanium may be determined in fire clay as in the insoluble res- 
idue from titaniferous iron ores. 

Clay contains silica as fine sand or quartz, also silica in com- 
bination with alumina. It is sometimes desirable to find the amounts 
of these separately. The quartz is insoluble in potash solution, while 
the SiO, left after evaporation of solutions of silica in HCl is soluble 
as is also that from the decomposition of silicates by HaS04. 

ProcesB for the DetermincUion of Free and Combined Silica, Treat 
1 gram of the clay with 10 to 15 c.c. of concentrated £[,804. Heat to 
near the boiling point of the acid and digest for 12 hours. Cool, 
dilute, filter, wash and ignite to constant weight. 

The residue consists of SiO, as sand, 810, from the decomposi- 
tion of the silicate of alumina together with undecomposed silicates. 
Transfer to an agate mortar, grind fine, brush on to a watch glass 
and weigh again. 

Heat 50 c.c. of a 15% solution ofKOHto boiling in a platinum 
dish. Add the above weighed residue and boil 5 minutes. Again 
filter, wash, ignite and weigh. The silica which had been separated 
firom the alumina will have dissolved, the residue being sand and 
silicates. Deduct this weight (calculated to the whole residue) from 
the original weight of residue and the difference will be the com- 
bined 9ilioa, This in turn deducted f^om the total silica, regularly 
determined, gives the silica in sand and undecomposable silicates. 



I 



THE DETERMINATION OF COPPER IN ORES. 

MoBt copper ores are diBsolved by digeBtion with concentrated 
HHOg. Sulphur may separate, but will be practically free from 
copper. Borne few bodies (as slagsj may require to be fused with 
sodium carbonate and nitrate. 

The most generally reliable method for the determination of 
copper is by electro-deposition. The conditions most favorable are, 
a sufficiently dilute eolution, not too much free acid, and not too 
Btrong a current. Failure in these will cause the copper to be spongy, 
dark colored and difficult to wash. 

Hydrochloric acid must be abseut; also much nitric acid. Much 
arsenic^ antimony, bismuth or silver in the solution will cause the 
copper to be impure. Bismuth is especially troublesome very small 
percentages causing the results to be high. Should these elements 
be present in the ores they must be removed before precipitating the 
copper* Tliey are rarely present in ordinary ores in quantities Buffi- 
cient to influence the results. 

Process for Ordinary Copper Ores. Take an amount of 
ore which shall not contain more than 0.200 gram of Cu. 
It must be very finely pulverized. Put it into a small beakerj 
add 5 c.c. HNOa, 5c.c< HCland 5c.c,H2S04. Cover with a 
watch glass and boil until the ore is decomposed, all the 
HCl and HNO3 are expelled and white fumes of H2SO4 be- 
gin to appear. Coolj dilute to 50 c.c. and boil. If silver is 
present, add one drop of HCl to precipitate it and then filter 
and wash. The residue should be light colored and must be 
tested for copper with the blow-pipe. 

Put the solution in a weighed platinum dish of 100 c.c. 

capacity. Counect the dish with the zinc side of a battery 

of two gravity cells or its equivalent, and introduce into the 

solution a platinum plate connected with the copper end of 

the battery. The deposition begins at once and is complete 

in seven or eight hours. When all trace of blue color is 

gone from the solution, take a little of the liquid out 

with a pipette and test it with HgS water. If no tinge of 
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brown is produced the Cu is all down* Empty the dish, 
wash it carefully first with distilled water, then with strong 
alcohol. Evaporate the alcohol, avoiding a temperature much 
above 100°C and weigh the dish plus the copper. 

The alcohol may be lighted and ** burned off^' and the beat thus 
developed will dry the dish. The copper must be red, coherent and 
metallic. A slight brownish discoloratioo will not effect the results 
perceptibly. 

If the copper is very dark colored it is impure. Diaaolve it care- 
fully in HNO^ L2 sp, gr. Evaporate the solution with HjS04 till the 
HNO3 is expelled. Filter and re-precipitate it as before. 

Instead of precipitating the copper in a platinum crucible as above 
described, the solution can be put into a beaker and the copper collect- 
ed on a sheet of platinum foil rolled iuto a cylinder and connected with 
the zinc pole of the battery, the other pole being connected with a stout 
platinum wire running down into the liquid along the axis of the 
cylinder. This arrangement requires less platinum and is very conven- 
ient where a Huffleient number of determinations are made to warrant 
the expense of special apparatuB. In this case if the copper deposit is 
dark and impure it can frequently be purifietl by reversing the current 
until the copper is di&solved and then re-precipitattng in the same 
solution. The impurities do not readily dissolve but loosen and faU 
to the bottom of the beaker and the second copper deposit is pure. 

For further detail consult Peter's '* American Method of Copper 
Smelting/' and also '^A Manual of Practical Assaying,'' by H, Van F, 
Furman. 

THE IODINE METHOD FOR COPPER. 

This depends on the fact that when a cuprie salt is treated with 
potassium iodide, cuprous iodide is formed and iodine liberated. The 
iodine is then estimated volumetricallj^ with sodium thiosulphate. The 
solution must be slightly acid and must not contain any large amount 
of sodium acetate. Iron must be absent Bismuth causes some 
uncertainty by making it difficult to see the end reaction owing to the 
forniation of brown bisnauth iodide, but with practice this can be 
overcome. 

Preparation of the TMosulphaU Soiutian. Dissolve 39.18 
grams crystallized sodium thiosulphate in water and dilute 
to one liter. 1 c.c. should eqnal 0.01 gram of copper. 

The reactions from which this is calculated are as follows: CUSO4 
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H-2KI=Cur+I-hK,S04 and 2Na,8g0^5HaO-h2 I^SNal-hNaaS^O^ 
H-SHgO. Standardise the solution against pure copper. Dis- 
solve the copper in 5 c.c. of dilute nitric acid (1 to Ix/boU off all nitrous 
fumes (this Is essential as they would liberate iodine) dilute with an equal 
bulk of water and add a solution of NaOH cautiously until a permanent 
precipitate is just produced. Now add 1 c.c. of acetic acid^ which must 
give a clear solution. If the liquid is warm aoolit. Now add 3 grams 
of pure potassium iodide* When it is dissolved dilute to 100 c.c. Now 
run the thio solution from, a burette until the brown color due to the 
liberated iodine ia nearly discharged. Then add 2 or 3 c.c. of starch 
solution and continue the titration until the blue color disappears and 
does not return on standing four minuies. The number of c»c. used will 
be equivalent to the copper taken. 

Process /or Ores. Heat 2 grams of the ore in a small 
covered beaker or casserole with 20 c.c. of concentrated 
HNOg* When violent action has ceased boil down to dry- 
ness. Take up with 30 c.c. of concentrated HCl, digest and 
dilute to 200 c.c, without filtering. Warm and pass a rapid 
current of HgS through the solution till the Cu is all down 
as sulphide. Filter and wash with water containing a little 
HjS- Wash the precipitate back into the beaker or dish. 
If more than a trace remains on the filter, burn it and add 
the ash to the rest* Now add 15 c.c. of concentrated HNO3 
and boil almost to dryness. Add 20 c.c. of water and boil 
till all nitrous fumes are expelled. Filter from the gangue 
and sulphur. Neutralise the solution with NaOH solution 
and add acetic acid as in standardizing. Cool it and add 5 
g^rams of KI, dilute to 100 c*c. and titrate with the thiosul- 
phate solution. The filter should be burned in a porcelain 
crucible and the residue examined for copper* 



Sec *'A Text Bookof Assaying/' C. and J, J, Beringer. 

Sheet aluminum can be used iDstead ofH^S for separating the 
copper. Evaporate the HCl solution with 5 c.c. of concentrated H^ 
8O4 wntil the HCl is expelled and HaSO^ fumes appear. Cool, add 20 c.c. 
of water and boil to e fleet complete solution. Dilute to about 50 c,c. 
and put about four square inches of sheet aluminum into the iicjuid. 
Add 5 c.c. more of H^SO^ and boil tiU the Cu is all down. Wash the 
precipitated Cu by decantation and dlsBolve In 5 c.c. ofHNOg sp. gr» 1.2, 
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This will not attack the alaminum but will diflBolve the Ca completely. 
Filter off the Rolution and proceed as usual. See Low, Jour. Am. 
Ghem. Soo. 1896. p. 868. 

THB CYANIDB ASSAY FOR COPPB& ORBS. 

This method gives good results if exactly followed. It dep^ids 
upon the fiAOt that if a solution of KCN is added to the blue solution of 
a copper salt in excess of NH4OH the blue Is disehaiged owing to the 
formation of a colorless double salt The amount of cyanide re- 
quired in the titration is affected by the volume of the liquid, the 
amounts of ammonia and of ammonium salts present, and to a slight 
extent by the temperature of the solution. 

The method given by Low is as foliows : 

Siandard Cyanide SobUion. — Dissolve about 42 grams of 
pure KCN in 1 litre of water. This will give a solution of 
which Ice. is approximately equivalent to 0.01 gram of 
copper. To standardize the solution, dissolve 0.2 gram of 
pure copper in 5 c.c. of concentrated HNOs. Boil oflF the 
red fumes and dilute to about 125 cc Cool and add 10 cc. 
of strong NH^OH. Run in the KCN solution till the color 
is nearly discharged. Now dilute to 180 cc. and finish the 
titration. The end is marked by the complete disappear- 
ance of the blue color. 

Assay of the Ore. — ^Treat one gram with 7 cc of concen- 
trated HNO3, 5 cc of H,S04 and 2 cc of HCl in a 250 
cc Brlenmeyer flask. Boil down till H2SO4 only remains 
and white fumes appear. Cool, add 10 cc of water, boil till 
ferric salts are dissolved; again cool and add 6 grams of 
pure granulated zinc Shake the mixture for five minutes, di- 
lute to 50 cc and add 20 cc ofH2S04. As soon as all the 
zinc is dissolved, fill the flask with water Jet the Cu settle com- 
pletely and decant oflF the liquid. Wash in this way at least 
twice. The liquid decanted off should be tested for copper 
with H2S. If it shows any repeat the assay or filter off the 
CuS and determine it. Add 5 cc. of concentrated HNOs to 
the residue in the flask, and boil till the Cu is dissolved and 
the red fumes expelled. Now dilute the solution to 125 cc 
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If silver is present, add a drop of HCl to precipitate it. If 
more than a trace separates; filter it oflF or it will count as 
copper in the titration. Now add 10 c.c. of strong NH4OH 
and run in the KCN solution until the color is nearly 
discharged. Pour the solution on a large ribbed filter and 
let it all run through. Dilute the filtrate to 180 c.c. and 
finish the titration. As it should only take a very little of 
the cyanide solution to finish the titration in the filtrate, the 
little required by the Cu left with the insoluble residue 
and oxide of iron in the filter can be disregarded. 

If only an approximate determination of the Cu is desired, it can 
be made very rapidly by omitting the zinc precipitation. In this case 
treat one gram of the ore with 5 c.c. concentrated HNOj, and boil till 
the Cu is extracted and most of the acid driven off. Now add 6 c.c. 
more HNOs, dilute to 125 c.c, add 10 c.c. of strong NH4OH and run in 
the cyanide till the blue color is nearly discharged. Filter off and finish 
the titration as before. If there is a very large precipitate of Fe (0H)„ 
repeat the process on a new sample of ore, adding nearly sufficient 
cyanide solution as calculated from the first determination before 
filtering. 



THE ASSAY OF ORES FOR ZINC 

Zinc usually occurs in ores as sulphide, oxide, carbonate or 
hydro-silicate. All of these are decomposed by boiling with acids, 
the zinc passing into solution. When sulphur is present it can be 
oxidized by HNO, and KCIO,. 

Solutions of zinc in HCl are completely precipitated by 
potassium ferrocyanide. Iron, copper, cadmium and manganese are 
also precipitated in the same way, and if present must be removed 
from the solution before the zinc is determined. 

An excess of ferrocyanide in the solution can be recognized by the 
brown precipitate (uranic ferrocyanide) it gives with a solution of 
uranic nitrate or acetate. This reaction is less sharp in acid solution, 
but by using a concentrated solution of the uranium salt, and only a 
little of the solution to be tested, is still sufficiently delicate. 

The HCl solution must be free from CI or oxides of chlorine, as 
these decompose the ferrocyanide and liberate iron salts. 

PROCESS OF VON SCHULZ AND LOW. 

Solution of the Ore and Separation of the /^f, Mn and Cu. 
Weigh one gram into a 4-inch casserole. Add 2 or 3 c.c. of 
concentrated HNO 3, then cautiously 25 c.c. of HNOg, pre- 
viously saturated with KClOs by shaking up with crystals 
of the salt. (Keep this solution in an open bottle.) When 
the violent action is over, cover the casserole and boil rapidly 
to dryness. Do not bake the residue. Now cool and add 
seven grams of NH4CI, 25 c.c. of hot water and 15 c.c. of 
strong NH4OH. Boil the liquid one minute and then rub 
the dish with a rubber tipped rod to loosen and disintegrate 
all the insoluble matter. Filter and wash several times with 
a boiling hot 1 per cent, solution of NH4CI. If the filtrate 
is blue Cu is present. 

Add to the filtrate 25 c.c. of concentrated HCl and dilute 
to 200 C.C. If Cu is present add forty grams of "granulated 
lead" and stir until the liquid is colorless. 

Strips of aluminum foil may be substituted for the lead. These 
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strips can be cleaned from copper with dilute HNOg^ and can be used 
repeatedly (Furman). 

The zinc salts are soluble in NH4OH, while the Fe(0H)8 and 
A1(0H)8 are precipitated. When much zinc is present or much iron, 
the residue may retain enough to affect the results 1 or 2 per cent. 
In this case it must be dissolved in a little HCl, and reprecipitated 
by NH4OH. 

This second filtrate will contain Mn if present in the ore. To 
remove it add 6 or 10 c.c. of hydrogen peroxide and filter from the 
MnOfi. Add this filtrate to that from the main quantity. 

The HNOs and KClOg separate all the Mn in the first case as 
MnOa, but this dissolves in the HCl again. 

It is essential that all the KClOg be decomposed and the CI driven 
off in the evaporation, as if any is present in the final solution for 
titration it will cause the solution to become greenish blue on the 
addition of ferrocyanide and make the results high. This may 
be prevented by somewhat more prolonged heating of the dry residue 
until all KCiOg is decomposed, or by adding a little sodium sulphite 
to the solution before titration. 

The granulated lead precipitates the Cu as metal. The lead in 
solution does not interfere with the subsequent titration. 

Volumetric Determination of the Zinc — Preparation of the 
Ferrocyanide Solution, Dissolve 44 grams of pure K4pe 
(CN)6 3 H2O in water and dilute to one litre. 1 c.c. of this 
will precipitate approximately 0.01 gram of Zn. 

Standardize the solution against pure zinc. Dissolve 0.2 gram in 
10 c.c. of HCl, add 7 grams of NH4CI, dilute to 100 c.c. and heat 
to about 50°C. Now run in the ferrocyanide solution until a drop of the 
liquid shows a brown tinge when tested on a white plate with a drop 
of a strong solution of uranic nitrate after standing two or three 
minutes. To save time add nearly the correct amont of the solution 
and then add about 1 c.c. 1^ c.c. at a time, making a test after each 
addition but not waiting for the color to develop. Let the series stand 
and take as the end the test showing the color after three minutes. Now 
make a similar test upon the HCl + NH4CI without the zinc. Deduct 
the amount of this **blank'' from the other, and the difi'erence gives the 
amount of the solution, equivalent to 0.2 gram zinc. 

Determination of the Zinc. Titrate the strongly acid 
solution of the ore exactly as above. The liquid should be 
warmed to about 50° before titration. 
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The preoipitate most be pure white. If it is at all green, iion or 
chlorous acid is present, and the results will be too high. 

To avoid "running over'* it is a good plan to take out one-third of 
the liquid. Titrate the remainder roughly, and then add the one-third 
and finish carefiiUy. 

Cadmium when present counts as zinc in this process. 

See Jour. An. and App. Chem., vol. VI, p. 491. 

Beringer, Auayirg. 

Hinman, S. of M. Quarterly, 189S, p. 40. 



THE ANALYSIS OF ALLOYS OF LEAD, ANTIMONY, 
TIN AND COPPER* (BEARING METAL) 

Traces of As, Fe and Zn are often present. The complete analysis 
of these alloys is beyond the scope of these notes, but the following 
method for the determination of the four principal metals will be found 
satisfactory if carefully conducted. 

The most troublesome operations are the separation of the tin from 
the lead and from the antimony. 

See Fresenius Quantitative Analysis, § 164, also § 165, § 126 and § 125. 

Proce88. Weigh 0.5 gram of the fine shavings into a 150 c.c. beaker. 
Add 2 grams of solid tartaric acid (powdered), and then 15 c.c. of 
HNOg, 1.2 sp. gr. Cover and warm until everything is dissolved, wash 
oflf and remove the cover and evaporate carefully to a pasty mass. Now 
add 50 c.c. of water and warm until all the lead nitrate has dissolved. 
The oxides of tin and antimony, in part, are left as a fine white powder. 
Now drop in a concentrated solution of KOM until the precipitate 
formed is dissolved in the excess. A cloudiness may remain, but almost 
all will go into solution. Add 10 c.c. of yellow sodium sulphide ^ and 
digest at a temperature considerably short of boiling for three or four 
hours, stirring occasionally and keeping the beaker covered. Now 
decant the clear liquid through a filter, and wash once by decantation. 
Avoid getting the precipitate on the filter, but decant closely each time. 
To the residue add 10 c.c. more of the sulphide solution, but no water, 
and digest again for two hours. Then add 50 c.c. of water and warm, 
let settle, decant, transfer and wash the precipitate with HgS water. 

The Precipitate contains PbS and CuS. Dry the filter and precipi- 
tate. Detach the latter as completely as possible and burn the filter in a 
small porcelain crucible using a very low heat and merely driving off 
volatile matter, not attempting to completely burn the carbon. Now add 
the burned filter to the rest of the PbS in a small casserole. Cover and 
add a few drops of concentrated HNOg to moisten the PbS ; then add 5 c.c. 
of fuming HNO, (1.5 sp. gr.). Warm for some time and, when all sul- 
phur has disappeared, add 5 c.c. of H^SO^ (1:3) and evaporate till all 
HNOg is expelled. Now add 25 c.c. of water, stir well, let settle, filter 
and wash with water containing 1 percent. H2SO4, and finally wash 
with alcohol. The precipitate is PbSO^. When it is dry, detach it 
carefully from the filter and put in a small weighed porcelain crucible. 
Burn the filter paper carefully on the inverted lid of the crucible and 

1. Sodium Sulphide Solution. This is made by saturatine a 20 per cent, solution of so- 
dium hydrate with H^S gas. Then filter the solution and add to each 100 c.c. about 100 mille- 
grams of flowers of sulphur. This will dissolve and make the liquid yellow. This solution 
must be kept in filled, closely stopped bottles. 

217 



218 Nota on MetaUurgical Analysis. 

add to the aah one or two drops of concentrated HNO, and one drop of 
HaSO^, evaporate off the acids carefully, and finally dry and ignite the 
crucible and cover at a low red heat Now weigh all together and 
calculate the Pb from the weight of the PbSO^. 

The filtrate from the PbS04 contains the Cu. This may be precip- 
itated by the battery, or it may be thrown down by a current of H,S, 
filtered out, washed with H,S water, dried, ignited and weighed as 
CuO + CujIS. (The fact that the precipitate is partially converted to 
oxide by the air is unimportant, as the percentage of Cu in CuO 
and CuaS is the same.) 

The Filtrate from the FbS and CuS contains the Sb and 8n (and As) 
as sulphides. Dilute the liquid to about 250 &.c. Add HCl carefully 
until the solution distinctly reddens litmus, but avoid much excess, set 
on a warm plate and heat gently until the odor of H,S has nearly gone. 

Filter and wash once by decantation, then run the precipitate on 
to the filter. The filtrate will grow milky in time, but no precipitate 
should separate from it. 

The precipitate, consisting of SbaS,, SnSi and free sulphur, is now 
washed back into the beaker, using a wash bottle with a small jet, so as 
to accomplish this with but little water. With care the amount of pre- 
cipitate left on the filter paper will be but trifling. Now dissolve this 
off through the fUter into the beaker with a few drops of a dilute solution 
of NaOH. The liquid in the beaker need not be more than 75 c.c. Add 
to the contents (water and sulphides) 10 to 15 grams of solid NaOH. 
When this is dissolved, add carefully about 3 c.c. of bromine (not 
'^bromine water**). Now digest on a water bath keeping the beaker 
covered, until the sulphur is oxidized or collected in a granular form 
and the antimony has separated as a white crystalline precipitate of 
sodium metantimoniate. 

Test the liquid by adding a drop or two of HCl to a drop of it, if 
bromine vapor is given ofTenough Br has been added. Add a little more 
if needed. Finally boil the liquid a few minutes. Now cool and add 
one-third the volume of alcohol. Let stand some hours, filter and wash 
with water containing one-third its volume of alcohol and a little 
NaaCO, . The filtrate contains all the SnO, as sodium stannate, and the 
precipitate contains the antimony and often some free sulphur. 

Dilute the ftUrate to 200 c.c, add HCl until it is distinctly acid, and 
warm till the Br is expelled. Then add 200 cc. of HaS water, and 
pass in H^S gas till saturated. Let stand till the precipitate settles, filter 
and wash the SdS, thoroughly. If the precipitate tends to run through 
the filter, add ammonium acetate to the wash water. Put the filter and 
precipitate in a weighed porcelain crucible, dry and bum off* the paper 
very carefully, finally ignite and weigh, as SnOi . Add a little solid am- 
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monium earbanate to the crucible; beat, ignite iotenaHy and weigh 
again. Any Iohs is due to sulphuric acid held by the SoOg* 

The Antimtmif Precipitate is washed back into the beaker and dla- 
eolved in the least possible aruount of dilute HO, containing a little tar- 
taric acid. Waab the filter with tlie same, and finally filter the solution 
from any residual sulphur, (This will be free from antimooy,) 

I^ow dilute to about 250 c.c, beat Dearly to boiling and pass in a 
rapid current of HgS till the SbgSg is all precipitated. 

Wei^h a 7 cm. filter paper, as in the phosphorus determination 
by the yellow precipitate method. Let the SbaSg precipitate settle, de- 
cant through the filter. Transfer the precipitate, wash well and dry 
carefully at lOO^C and weigh filter, plus precipitate- This gives the 
total weight of the precipitate, which always contains free sulphur. 
Now detach as much as possible from the filter paper, transfer it to a 
weighed porcelain boat and weigh the boat and contents. 

Take a piece of corabustioo tubing wide enough to receive the 
boat and its contents and ten or twelve iocbes long. Connect one end 
with a flayk for generating CO 2 from fragments of marble. Close 
the other end of the combastiou tube with a cork containing a small 
exit tube, (There must be a U-tube containing CaClj between the 
flask and the combustion tube to remove nioiature from the gae.) 

Now put the boat and its contents into the middle of the tube, 
pour a little dilute HNOj into the COg flask and let the current of gaa 
pass till all air is expelled (four or five minutes). Now carefully heat 
the tube around the boat The free sulphur volatilizes and the Sb, 83 
turns black and metallic looking. When this change Is complete and 
no more sulphur vapors pass off", cool the apparatus, withdraw the boat 
and weigh it. The weight of the contents gives the pure SbaSg in the 
amount taken. From this calculate the SbaSa in the total precipitate 
as weighed originally, and from this again the Sb in the sample. 

Notes on the Above Scheme. The use of the tartaric acid is to assist in 
the solution of antimony, which is but slowly oxidized by HNO^ alone. 
The separation of tin by the solubility of the bisulphide in sodium sul- 
phide is complete, provided there is repeated and prolonged digestion 
with large excess, Sulphide of sodium is used instead of sulphide of 
amm^onium as the latter dissolves copper sulphide. In the treatment of 
the PbS the use of the fuming nitric acid causes the complete oxidation 
of the sulphur. With ordinary concentrated nitric acid, which contains 
about B0% of water, more or less sulphur separates which fuses into 
globules. When the PhS04 is ignited this melts and causes reduction 
to sulphide, and loss of weight. 

The fuming acid can be most easily prepared by mixing in a large 
retort one part ofj ordinary HNOg with two parts of concentrated 
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H,S04 and distilllDg off the nitric acid into a cooled dry receiyer. The 
neck of the retort should project well into the receiver. 

Arsenic, if present, is found with the stannic sulphide. It is driven 
off on heating the SnO,, 

The foregoing method for the separation of tin and antimony de- 
pends upon the oxidation of the SbtS, by the sodium hypobromite to 
sulphuric acid and sodium metantimoniate. The usual method of effect- 
ing this is by fusion with sodium hydrate and-nitrate, after preliminary 
oxidation by HNO, . The wet method above given is much less trouble- 
some and equally complete. 

The above method while long, will give satisfactory results. 

The lead may also be separated as chloride and determined as 
chromate. Tin may be separated from antimony and arsenic by oxalic 
acid, which dissolves the sulphide of tin (Clark's method.) The tin 
may be determined electrolytically in this solution. Antimony may be 
determined by titrating the solution of the chloride obtained by oxi- 
dizing the sulphide with HCl and KCIO,. On adding an excess of KI 
to a solution containing the SbClj iodine is liberated, the solution 
reducing the SbClg. The iodine can then be determined with NaaSjO,. 
Arsenic can be estimated by distillation with HCl and ferrous chloride 
as in iron. Tin may be titrated with iodine which changes SnClj to 
SnCl^. Iron does not interfere if the solution is kept ice cold, and the 
tin solution is introduced under an excess of the iodine solution. 
For full accounts of these methods see 

Mason, Jour. Soc. Chem. Ind., 1896, p. 179. 

Lenssen, Jour. fur. Praktische Chem., 78:200. Also Fresenius Quantitative Analysis and 
Muller. Chem. News. Mar. 7, 1902. 

Clark, Am. Jour. Sci., vol. XLIX, p. 154 and Am. Chem. Jour., vol. I, p. 244. 



THE EXAMINATION OF WATER FOR BOILER SUPPLY* 

The determmatioii of the "scale-forming ingredients'' and in the 
case of water contaminated with mine drainage, the * ^acidity" of the 
water is all that is necessary. 

OutUne Brocess for the Anali/sis.—Fiist^ evaporate 100 c.c. of the 
clear water (filtered if necessary) to dryness in a weighed platinum dish, 
and dry at 100° to constant weight. This gives the ^^total solids." 
After weighing the dish ignite it very cautiously, not passing a barely 
visible red heat, until the residue becomes nearly white. Weigh again 
after cooling in a desiccator. The loss is water of combination and 
organic matter, and the residue is the fixed mineral matter. 

Second. Test the water for chlorine. If it contains more than a 
trace, the amount may be determined by titrating 100 c.c of the water 
with a standard solution of AgNO,, adding a little neutral potassium 
chromate to serve as an indicator. A slight excess of AgNO, gives the 
reddish color of silver chromate (See Fresenius Quantitative Analysis.) 

The small excess of the silver solution required to give the red color 
that forms the end reaction, can be determined by adding 1 c.c. of a 
standard solution of NaCl (1 c.c. equal 1 milligram CI) to 100 cc. of 
distilled water, and titrating this in the same way. The excess of the 
silver solution over that required for the chlorine present, is the amount 
that must be deducted from that used in the regular titration. 

Third. Acidulate one litre with 5 c.c. of HCl, evaporate to dryness 
in a platinum dish, adding^ it to the dish little at a time. Take up the 
residue with HCl and water, and determine the SiO,, FcjOj and AlsO,! 
CaO and MgO exactly as in the case of limestone. In filtering 
off the SiOa care must be taken that no CaS04 (which is frequently 
present in considerable quantity) be left undissolved with the SiO,. It 
can all be dissolved with water and HCl. 

For ordinary work where the amount of SiOj is usually very trifling 
and of no technical importance, the evaporation to dryness can be 
omitted. In this case evaporate one litre of the water with 5 c.c. of 
HCl in a large beaker, to about 100 c.c. Add an excess of NH4OH and 
filter from the precipitate of Fe2(OH)8, A1,(0H)3 and SiO,. Care must 
be taken to have enough HdJl present to prevent any precipitation of the 
magnesia. The CaO and MgO are determined in the filtrate as before. 

Fourth. Acidulate 500 c.c. of the water with 1 c.c. of HCl and 
evaporate to 100 c.c. Filter if necessary, and determine the 80, by 
precipitation with BaCl^. 

281 
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The alkalies may be determined closely enough for technical pur- 
poses by difference as follows: 

Evaporate 100 c.c. to dryness with a slight excess of H2SO4 in a 
weighed platinum dish. Ignite the residue cautiously till the fumes of 
HjSO^ are all driven off; do not exceed a low red heat. Now put a 
few small pieces of pure (NH4)2C08 into the dish, and cautiously heat 
till it is evaporated. This will expel the acid retained by the alkalies, 
to form bisulphates. Avoid too much heat or MgSO^ will be decom- 
posed. Now cool and weigh the dish which contains the sulphates of 
all the bases in the water. Calculate the CaO and MgO as sulphates, 
add the FeaOg, AljOg and SiOj, and deduct the sum from the weight 
of the sulphates in the dish. The difference may be taken as sodium 
sulphate. 

If a more exact determination of the alkalis is needed, evaporate 
one or two litres of the water to dryness in a platinum dish. Glass is 
liable to give up alkali. Extract the residue with water, add an excess 
of pure milk of lime, digest and filter, and proceed with the solution as 
with the filtrate from the lime in the determination of alkalies in the 
Analysis of Fire Clay. A blank must be run on all the reagents. In 
place of using a platinum dish the water may be boiled down to dryness 
in a clean tin sauce pan, and the residue used for the determination of 
the alkalies. This will be found a useful method where a number of 
waters are to be analyzed and the supply of platinum ware is short. 

Calculation of the ReavUa, — In stating the results of the analysis it 
is customary to combine the acids and the bases in the following man- 
ner: The alkalies are first combined with the chlorine any excess 
being then combined with the sulphuric acid. Should there be more 
chlorine than will combine with the alkalies the excess is calculated 
first to the calcium and when that is used up, to the magnesium. 
Should there be alkalies more than sufficient to saturate both the 
chlorine and the sulphuric acid the excess is estimated as carbonate. 

The sulphuric acid left after the alkalies are satisfied is then 
united with the calcium and any excess combined with the magnes- 
ium. 

All the calcium and magnesium not required for the chlorine and 
the sulphuric acid are then calculated as carbonates. 

This order can be departed from where there is evidence of some 
other combination. In water that has been treated with lime and 
soda to remove the lime, magnesia is frequently present as hydrox- 
ide. In estimating the effect of the magnesia compounds in causing 
corrosion in boilers all the chlorine and the sulphuric acid in excess 
of that required to saturate the alkalies should be considered as com- 
bined with the magnesia. The table in the end of the book will be 
found useful in making these calculations. 

The analysis should be reported in parts per mUlion and in grains 
per gallon. 
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TABLE OF ATOMIC WEIGHTS. 



Aluminum 


Al 


27.1 


Neodymium 


Nd 


143.tf 


Antimony 


Sb 


120. 


Neon 


Ne 


20. 


Argon 


A 


39.9 


Nickel 


Ni 


58.7 


Arsenic 


As 


76. 


Niobium 


Nb 


94. 


Barium 


Ba 


137.4 


Nitrogen 


N 


14.04 


Beryllium 


Be 


9.1 


Osmium 


Os 


191. 


Bismuth 


Bi 


208.5 


Oxygen 


O 


16, 


Boron 


B 


11. 


Palladium 


Pd 


106. 


Bromine 


Br 


79.96 


Phosphorus 


P 


31. 


Cadmium 


Cd 


112.4 


Platinum 


Pt 


194.8 


Caesium 


Cs 


133. 


Potassium 


K 


39.15 


Calcium 


Ca 


40. 


Praseodymium 


Pr 


140.5 


Carbon 


C 


12. 


Rhodium 


Rh 


103. 


Cerium 


Ce 


140. 


Rubidium 


Rb 


85.4 


Chlorine 


CI 


35.45 


Ruthenium 


Ru 


101.7 


Chromium 


Cr 


52.1 


Samarium 


Sa 


150. 


Cobalt 


Co 


59. 


Scandium 


Sc 


44.1 


Copper 


Cu 


63.6 


Selenium 


Se 


79.1 


Erbium 


Er 


166. 


Silicon 


Si 


28.4 


Fluorine 


F 


19. 


Silver 


Ag 


107.93 


Gadolinium 


Gd 


156. 


Sodium 


nI 


23.05 


Gallium 


Ga 


70. 


Strontium 


Sr 


87.6 


Germanium 


Ge 


72. 


Sulphur 


S 


32.06 


Gold 


Au 


197.2 


Tantalum 


Ta 


183. 


Helium 


He 


4. 


Tellurium 


Te 


127. 


Hydrogen 


H 


1.01 


Thallium 


Tl 


204.1 


Indium 


In 


114. 


Thorium 


Th 


232.5 


Iodine 


I 


126.85 


Thulium 


Tu 


171. 


Iridium 


Ir 


193. 


Tin 


Sn 


118.5 


Iron 


Fe 


56. 


Titanium 


Ti 


48.1 


Krypton 


Kr 


81.8 


Tungsten 


W 


184. 


Lanthanum 


La 


138. 


Uranium 


U 


239.5 


Lead 


Pb 


206.9 


Vanadium 


V 


51.2 


Lithium 


Li 


7.03 


Xenon 


Xe 


128. 


Magnesium 


Mg 


24 36 


Ytterbium 


Yb 


173. 


Manganese 


Mn 


56. 


Yttrium 


Y 


89. 


Mercury 


Hg 


200.3 


Zinc 


Zn 


65.4 


Molybdenum 


Mo 


96. 


Zirconium 


Zr 


90.7 
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TABLE OF FACTOR WEIGHTS. 

By taking for analysis the weights of material given in th e fol- 
lowing table, each milligram of the substance weighed will repre- 
sent the indicated percentage of the substance sought. 



Substance 
to be 


Substance 
to be 


Factor 


Factor Weight 
to be 


Percentage 
Represented 

1 Milligram 


Determined 


Weighed 




Taken 


8 


BaS04 


0.1373 


1.373 


0.01 


SO, 


BaSO^ 


0.3433 


0.687 


0.05 


Si 


SiO, 


0.4702 


0.9404 


0.05 


p 


Mg,P,0, 


0.2790 


2.790 


O.Ol 


!iS- 


Mg.PO, 


0.6396 


♦2.130 


0.03 


MUaO^ 


0.7200 


1.440 


0.05 


Mn 


Mn.PjjOy 


0.3873 


0.387 


0.10 


C 


CO, 


0.2727 


2.727 


0.01 



<* The factor multiplied by V 



USEFUL CONSTANTS. 

1 Gram = 15.43236 Grains. Log. = 1.18843. 

1 Gallon = 231 Cubic inches. = 3.78543 Litres. Log. = 0.57811. 

1 Litre = 1.0567 Quarts. Log. = 0.03369. 

1 Litre = 0.26417 Gallons. Log. = 9.42188. 

1 Litre = 61.023 Cubic inches. Log. = 1.78549. 

The grain troy is the same as the grain avoirdupois. The U. 
S. avoirdupois pound is 7000. grains, equals 453.59 grams. Log. 2.65666 

The U. S. gallon of water, measured at 4®C and under atmos- 
pheric pressure weighs 58353. grains. To convert parts per million 
to grains per gallon multiply by 0.058353. Log. = 8.76606—10. 
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TABLE OF USEFUL FACTORS FOR WATER ANALYSIS. 



Given 


Beqnlred 


Factor 


Logarithm 


K,0 


2 KCl 


1.682 


0.19926 


K,0 


K.SO^ 


1.849 


0:26694 


KCl 


CI 


0.475 


9.67688 


2 KCl 


K.SO^ 


1.169 


0.06768 


K28O4 


SO, 

2 KCl 


0.459 


9.66197 


K.PtCle 


0.307 


9.48731 


K,PtCle 


K,0 


0.194 


9.28805 


Na^SO^ 


Na,CO, 


0.746 


9.87294 


Na,SO^ 


SO, 


0.563 


9.76064 


Na^O 


Na,CO, 


1.709 


0.23263 


Na^O 


Na^SO^ 


2.289 


0.36969 


Na,0 


2 NaCl 


1.884 


0.27610 


2NaCl 


Na,S04 


1.216 


0.08459 


2 NaCl 


SO, 


0.684 


9.83523 


CaSO^ 


CaCO, 


0.736 


9.86627 


CaSO^ 


CaO 


0.412 


9.61446 


CaO 


CaCl, 


1.980 


0.29674 


CaO 


CaCO, 


1.786 


0.26181 


BaSO^ 


SO. 
BaO 


0.343 


9.53521 


BaSO^ 


0.667 


9.81762 


SrSO^ 


SO, 
SrO 


0.436 


9.63941 


SrSO^ 


0.564 


9.75135 


Mg^P.O, 


2 MgO 


0.362 


9.55922 


Mg,P,0, 


2 MgCO, 


0.768 


9.87942 


Mg,P,0, 


2 MgSO^ 


1.081 


0.03397 


MgaPaO, 


MgCO, 


0.638 


9.80463 


MgO 


2.090 


0.32019 


MgO 


MgCl, 
MgO«H, 


2.360 


0.37296 


MgO 


1.447 


0.16031 


MgO 


2 CI 


1.767 


0.24470 


MgO 


MgSO, 


2.984 


0.47476 


MgCOa 


MgSO^ 


1.427 


0.16466 


SOs 


K,S04 


2.178 


0.33803 


SOs 


CaSO^ 


1.700 


0.23031 


SO, 


CaO 


0.700 


9. 84477 


SO3 


MgS04 


1.604 


0.17728 


SOs 


Na^SO^ 


1.776 


0.24936 


CI 


NaCl 


1.650 


0.21764 


2 CI 


CaCl. 
MgCf, 


1.564 


0.19428 


2 CI 


1.344 


0.12826 


CI 


KCl 


2.104 


0.32312 


AgCl 


CI 


0.247 


9.39313 



LOGARITHMS OF NUMBERS. 


N 





t 


2 


3 


4 


5 


6 


7 


S 


9 


d 

41 


10 


tXKX) 


mm 


0086 


U128 


0170 


0212 


0263 


0294 


0334 


0374 


11 

12 
13 
14 


0414 
OT92 
1139 
1461 


0453 

082^ 
1173 

1492 


0492 
0864 
1206 

1523 


0631 
0899 

1563 


0569 
0934 
1271 

1584 


0607 
0J^9 
13^ 
161* 


064^ 
1004 
13^6 
1044 


0682 
1088 
1367 
1673 


0719 
1072 

1399 
1703 


0766 

1106 
1430 
1732 


38 

35 
82 
80 


(5 

16 
17 

m 

19 


1761 


1790 


1818 


1847 


1875 


1903 


1981 


1959 


1987 


2014 


28 


2041 
2304 

2563 
2788 


2068 
2330 

2577 
2810 


2096 
2355 
2601 

2833 


2122 

2380 
2625 

2858 


2148 
2405 
2648 
2978 


2175 
2430 
3672 
2900 


2201 
2465 
2**95 
29^ 


2227 

2480 
2718 
2946 


2253 

2504 
2742 
2967 


2279 
2529 
2765 
2989 


26 
25 
24 
22 


20 


8010 


3032 


3054 


3075 


8096 


3118 


8139 


3160 


SI 81 


3201 


21 


22 
23 
34 


3222 
3424 

8617 
3802 


3243 
3444 
3686 

3S20 


3288 
S464 

3655 

sass 


3284 
8483 
8674 

3860 


83fM 
3502 
3692 
S8T4 


a324 

mm 

3711 
3892 


8345 
3641 

3729 
3909 


8365 
3560 
3747 

8927 


a^86 

8579 
8766 
3945 


8404 
3598 
3784 
8962 


20 
19 
18 
18 


25 


3979 


8997 


4014 


4031 


4048 


4065 


4082 


4099 


4116 


4133 


17 

16 
16 
15 
15 


28 

27 

29 


4150 
4314 
4472 

4624 


4166 
4»30 
4487 
4639 


4183 
4346 
4502 
4654 


4200 
4362 
4518 

4669 


4216 
4378 
4633 

4683 


42:^2 

mm 

4548 
4698 


4249 
4409 
4564 
4713 


4265 
4426 
4579 
4728 


4281 
4440 

4594 
4743 


4298 
4456 
4609 
4757 


30 


4771 


4786 


4800 


4814 


4829 


4843 


4857 


4871 


4S88 


4900 


14 


31 
S2 
S3 
34 


4914 
6051 
5186 
5315 


4928 
6065 
5198 

mm 


4942 
5079 
5211 

6840 


4955 
5092 
6224 
5353 


4969 
6105 
5237 
5366 


4983 
5119 
5250 

5378 


4997 
5132 
5263 

6391 


5011 
6145 
6^6 
5403 


5024 

5159 
6289 
5416 


6038 
6172 
5302 
5428 


14 
13 
13 
13 


35 


5441 


54B3 


5465 


5478 


6490 


5502 


6514 


5527 


5539 


5551 


_12 

12 
12 
11 

21 
11 


36 
37 

38 
39 


5563 
5682 
5798 
5911 


5575 
5594 
5809 
5922 


6587 
B705 
5821 
5^33 


6599 
6717 

6832 
5944 


5611 
5729 

5843 
5955 


5623 
5740 
5855 
5966 


6635 
5752 
5866 
5977 


6847 
5763 
6877 
6988 


5658 
5775 
5^88 
5999 


5670 
67B6 
6899 
6010 


40 


6021 


G031 


6042 


6053 


6064 


6075 


6085 


6096 


6107 


6117 


41 
42 
43 

44 


61*23 
6232 
6S35 
6435 


6138 
6243 
6345 
6444 


6149 
6253 
6355 
6454 


6160 
6263 
6365 
6464 


6170 
6274 
6375 
6474 


6180 
62S4 
6385 

6484 


6191 
6294 
6395 
649B 


6201 
6304 
6405 
6fifl3 


6212 
6B14 
6415 
6513 


6222 
6325 
6425 
6522 


19 

10 

10 

JO 

10 


45 

46 
47 
48 
49 

50 


6532 


6542 


6561 


6661 


6571 


6580 


6590 


a599 


6609 


6618 


6628 
6721 

6812 
6902 


6637 
6730 
6821 
6911 


6646 
6739 
6830 
6920 


6656 
6749 
6839 
692^^ 


6665 
6758 

6848 ; 
6987 


6675 
6767 

mm 
mm 


6684 
6776 
6866 
6955 


6693 
6786 
6875 
6964 


6702 
6794 
6fi84 
6972 


6712 

emn 

6fi98 
69H1 


9 
9 
9 
9 

9 


6990 


6998 


7007 


7016 


7024 


ims 


7042 


7O50 


7059 


7^)67 


51 
62 
53 
54 


7076 
7160 
7243 
7324 


7084 
7168 
7251 
7332 


7093 
7177 

7259 
7340 


7101 
7186 
7267 
7348 


7110 
7193 
7275 

7356 


7118 
7202 
72^4 
7364_ 

744S' 


7126 
7210 

7372 


7135 
7218 

730O 
7880 


7143 
7226 
7309 
78^'8 


7152 
7235 
7316 
7393 


8 
8 
8 
8 


55 


7404 


7412 
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NOTE ON THE BICHROMATE IRON ASSAY. 

When stannous chloride is used to reduce ferric salts in the assay 
of iron ores it is important that no platinum he present in the solution 
as platinum salts are reduced to the platinous state and then color 
the liquid an intense yellow making it impossible to destinguish the 
point at which the iron is reduced. This condition is likely to occur 
when the ore or residue has been fused in order to bring it into solu- 
tion, platinum being dissolved from the crucible. 

SPECIAL METHOD FOR SULPHUR IN PIG IRON. 

The following method was furnished to the writer from Dr. 
Dudley's laboratory at Altoona. 

Into a half litre Erlenmeyer flask put 360 c.c. of a sulution of 
double chloride of copper and potassium. (Use a filtered solution of 10 
pounds of the commercial article in 13 litres of water.) Add 10 
c.c. of concentrated HCl to the solution in the flask. Connect the 
flask with a source of CO 2 and pass the gas through until the air is 
all expelled, which takes about 15 minutes. Meanwhile heat the flask 
until it is perceptibly warm to the hand. Now take out the stopper 
of the flask and drop in five grams of pig iron. The iron should be in 
a fine state of division and wrapped in a piece of filter paper. Re- 
place the cork and agitate the flask to scatter the borings through the 
flask. Continue to pass the gas until the iron is dissolved ; this takes 
about half an hour. 

When solution is complete filter through paper and wash with 1 
per cent. HCl hot. Put the filter and its contents back into the flask. 
Add 15 c.c. of water 2 c,c of liquid bromine and 5 c.c. of HCl. Heat till 
the bromine passes off. 

Filter from the residue and precipitate hot with BaCl^. The re- 
sidue is practically free from sulphur rarely retaining more than .001 
to .003 per cent. 

Several flasks can be connected together. 

The CO 2 sold in cylinders can be used for this process. 



